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Excellence of Production and Types of 
Movements in Drawing- 

Charlotth Rice 


T his paper reports au analysis 
of the type and direction of lines 
chosen by children^ in the copy¬ 
ing of the Bine trSimon diamond in 
both vertical and horizontal positions 
and under varying conditions. 

Although much observation and no 
little experimental work has been car¬ 
ried on in the field of children’s spon¬ 
taneous drawingj very little if any 
work has been done on the factors in¬ 
volved when a child sits down with the 
definite task of copying something set 
before him. And what analysis has 
been done on experimental results of 
the latter sort baa been to the end of 
evaluation of the results in terms of 
adult ideals of perfection. No small 
part of this work has been done in the 
field of education through experiments 
in teaching beginners to widte as illus¬ 
trated by the reports of Huth (3) Gates 
and Taylor (1) Hertzberg (2). Other 
studies to a large extent are confined to 
the comparison of the orientation and 
similarity of the child’s finished pro- 

* Tho inveabigation was made in the Pay- 
ohology Laboratory of the Johns Hopkins 
University in 1928 and 1920 supplemented 
by data obtained in a auminer at the InafcL- 
tube of Child Welfare, Minnesota. The 
author ig making a further study ab the 
University of California of the child's judg- 
TTi^nb of the excellence of the production^ 


duct to the pattern from which it is 
copied, notably by Stern (5) and Paula 
Meyer (4). Among none of these ex¬ 
periments and observations has there 
been any attempt on the part of the 
experiment to obtain an idea of the 
manner in which the child did the 
actual manipulation of the materials 
to get the result. 

In 1926 Wellman, defining the direc¬ 
tions of the lines to be drawn, made a 
very careful analysis of the influence of 
direction of movement on the control 
of hand and arm in a group of young 
children, She found certain directions 
of movement (\ and <—) in general 
much more difficult than others. 
But so far as the writer has been able to 
determine, no work has as yet been 
done in the actual choices of kinds and 
directions of strokes made by young 
children in their attempts to copy 
plane figures, and the relation of these 
choices to the perfection of the result 
as judged by an adult standard, which 
is unfortunately the only standard 
available at present for such judgment, 

DEScniPTioisr of test 

The materials for the test consisted 
simply of a white card, 4 by 5 inches 
on which was a black ink drawing of a 
diamond 2| inches (long axis) by 
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inches (long axis) by inches (short 
axis), pencils, and paper for tlio use of 
the subject in drawing. Slips of paper 
torn from pads 3 by 5 inches proved 
satiefactory for this, by furnishing a 
B\zo and shape somewhat comparable 
to the pattern card and convenient for 
filing. The cliild was seated comfort¬ 
ably across the table from the experi¬ 
menter and was shown the pattern 
with the ioBtractions: 

Vq you flco this (pointing to the figure 
but being careful not to trace it)? Soo 
what a nice picUiro you can draw for mo 
that lookfl jurttijike this. 

At the same time the slip of paper was 
layed on the table in front of him in 
the same position as the pattern card 
and he was given the pencil. The po¬ 
sition and manner of presentatiou of 
tlm pattern card differed at different 
bimea according to the demands of the 
experiment. In the case of all sub¬ 
jects the first exposure was in the hor¬ 
izontal pogition and according to the 
instructions given above. 

With a certain number of the sub- 
jeets (groups A, B and C) to be desig¬ 
nated below, this procedure was fol¬ 
lowed immediately by a presentation 
in the vertical position with the same 
instructions. Later the same day, 
after the intervention of a tost of 
TcCQgiiition of similar forma in which 
the diamond played a somewhat im¬ 
portant part, 2 presentations were 
given 1 in the horizontal position and 1 
in the vertlcnl with a slight change in 
the mauncT of exposure. Instead of 
being risked to copy the figure directly, 
the child was presented with the pat¬ 
tern card without pencil jlikI paper, 
and with the following instructions: 


I want you to keep looking cit this until I 
tftke ib away. Pretty soon I am going to 
take ib away and hide it, and then I want 
you fco draw me a picture that looks juat 
like it. 

If the child’s attention wandered, he 
was fidmonished to keep looking at the 
picture. After ten seconds the pat¬ 
tern was taken away, and placed out of 
sight, while the experimenter said, 

Now I'm going to take it away and hide 
it. 

Then, while giving the child a pencil 
and placing a slip of paper before him 
in the same position as the pattern 
card, the experimenter added; 

Now aec what a nice picture you can 
draw mo that looka just like tho one you 
havo boon looking at. 

In the cases of groups A and B this 
procedure was followed some time 
later (in the case of A exactly two 
weeks; in the cjise of B periods ranging 
from fifteen to twenty-four days) by 
an experiment in which the child was 
placed before a table over which a 
screen was set, in such a position that 
the child could draw under it freely, 
but at the same time could nob see 
what he was doing if he sat in a normal 
drawing position. The child was then 
asked whether he remembered whnt 
the picture looked like that he had 
drawn for the experimenter at the 
previous period. No matter what his 
answer, he was given a piece of paper 
under the screen and a pencil was 
placed in hia drawing hand, while the 
other hand wna placed on the paper 
to hold it in position. At the same 
time the following directions wejo 
given: 
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Nou^ I want you to put this hand here to 
keep tJic pftper from alipping over the table 
(placing other than drawing hand), and I 
want you to take youi pencil and place it 
ready to start drawing, but do not draw 
anything until I tell you what I want you 
to do (placing tho drawing hand with the 
^cnoil in it). Now I want you to flit up 
straight, and look right here (pointing to a 
place on the upper side of the screen directly 
in front of the child's oyes), and then, with¬ 
out looking at wJiat you are doing under the 
flcrecn,—looking right here all the time 
(pointing again to screen), I want you to 
draw the same pieture you drew for me last 
time. 

No suggeation was made that the figure 
be drawn in one position rather than 
another, aside from the fact that the 
paper was placed before the subject in 
the horizontal position. Since, how¬ 
ever, the child could not see it, even 
this probably had little to do with the 
manner in which the drawing was 
made. Care was taken also to place 
the drawing hand in as relaxed a posi¬ 
tion as was possible lest some muscular 
tension due to the position should in 
some way influence the direction of 
the line. 

A fourth group of subjects (group 
D) followed their initial drawing im¬ 
mediately with a group of 10 practice 
drawings of elements of the figure. 
At the end of this series the initial 
stimulus was given again in the hori¬ 
zontal position and the directions were 
repeated, 

A fifth group (group E) followed 
the procedure of group D exactly, 
but two months later, with no inter¬ 
vening tests of this nature they were 
presented with the pattern card in the 
vertical position and were given identi¬ 
cal instiuctiona to those given at the 
initial presentation. 


A sixth and final group (group F) 
followed the initial drawing, after a 
period varying from one to eighteen 
days, with a presentation of the pat¬ 
tern card in the vertical position and a 
repetition of the initial instructions. 

After each drawing, no matter what 
the conditions under which it was 
made, a record was placed on the paper 
of the direction and order in which the 
lines were drawn. Although times 
were recorded for each drawing, they 
have not been treated in the present 
article, since they only bear indirectly 
on the point under discussion. Tho 
use of the Binet-Simou diamond in this 
experimentation is not comparable to 
the use of the diamond in the Biiiet- 
Simon scale test, inasmuch as in the 
latter case the instructions call for the 
exlusive use of the pen in drawing. 
Since the aim in the present case was 
to simplify the task as far as possible 
in order to reduce distracting factors 
and facilitate the naturalness of the 
situation bo the child, a pencil, a more 
familiar tool to the very young child 
was substituted for pen. 

SUBJECTa 

The subjects, 293 in all, have already 
been divided, with respect to the par¬ 
ticular piocedures which were followed 
in giving the test, into groups A to F 
respectively. Table 1 will give the 
numbers, sources, ages and I.Q. scores 
in each group. With a few exceptions 
the children came from professional 
and better class business homes, and 
arc the type found in good private 
schools. They show a wide age 
range, fairly evenly distributed over 
the years 3'.1 bo 8:0 and with a suifi- 
cienb number of scattered cases at the 
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two ends of the age scale to give intev- 
esting indications of reactions at the 
ages nob covered so thoroughly. 

TI115ATMENT OF DATA 

1. Soonn{i results by degree of smilarity 
to yailexn 

Before analysing the types of move¬ 
ments made by children iii drawing a 
particular figure, which in this case 


youngest children and almost invar- 
iably denotes a lack of understanding 
of the problem as it is presented. 
TVith an unclerstanding of the problem, 
but a still deficient ability to carry out 
ins true tions^ the result is a curved 
line enclosing a space. This ia given 
a score of 2. A score of 3 is given 
when there is an attempt to produce 
and a certain degree of success in pro¬ 
ducing certain of the isolated charac- 


TADLB 1 

Subject sourcesf ages, and I.Q, scores 


Giinur 

NO. 

ROUUCI} 

AQS WAWGB 

MED, 

AOB 

NO. 

i.q. 

1 

IQ' 

nANOn 

AIED. 

1 

A 18 

Cliild Inafcibutc, Johns Hopkins Univcrally 

2:7-5:0 

1 3:7 

Id 

104-141 

121 

30 

Park School, Daltimorc, Mil. 

4:4-8:0 

6:9 

15 

104-125 

116 

78 

Roland Park School, BaUimorc, Md, 

3:9-0:3 

6:0 

' 46 

1 03-145 

|114 

B 5 

Child Institute, Johns Hopkins Univoraity 

3il-4;7 

3;& 

5 

1 78-116 

105 

5 

Park School, Baltimore, Md. 

4;l-0:0 

4:11 

2 

117-130 


13 

Roland Park Scliool, Baltimore, hid. 

4:8-0:11 

6:4 

7 

1 02-134 

116 

G 1 

Child Inatitufce, Jobna Hopkins University 

4:3 


1 

,136 


22 

Park School, Baltimore, Md.. 

4:4-7:11 

5:0 

5 

91-110 

110 

13 

Roland Park School, Baltimore, Md, 1 

6:2-7:11 

7:1 1 

7 

105-164 

116 

D 3 

CUUd InatUutft, Johns Hopkins University 

3;ll-l:B 

4:0 

a 

,111-llS 

117 

36 1 

Park School, BaULtnorc, Md. 

4:10-11:2 

B'.l 

35 1 

B7-144I 

113 

4 

Special oKnmincition, Johna Hopkins Univer- 

4:2-14:1 

8:3 

4 

83-122 

103. 


ftity 



1 

1 


0 

Children' B Aid Society of B&Uimoro County 

10:10-13:4 

11:9 

6 

60-100 

98.5 

]2 

GmeiuaLo Students in Psychology, Johns 







Hopkins University 



1 



E 11 

Child Institute, Johns Hopkins University 

2;D-!i:3 

4:2 

11 

01-158 

130 

F 31 

Institnlo of Child Welfare, University of 

2:2^;n 

3:8 

31 

84-130 

107 


Minnesota 







Imppens to be a diamond, some scheme 
mils fc be devised whereby the drawings 
made by the child may bo judged with 
regard to their similarity to the pattexu 
set. To tills end the diamonds have 
been given scores of 1, 2^ 3, 4, and 5 
points according to their excellency 
of form. IlluatrationB arc given in 
figure L A score of 1 is given when 
no attempt to make a copy \$ evident, 
TIuh m a iifiiial reaotiou [imong the 


tcrisbics which form the diamond^ such 
ns straight lino boundaries and angles, 
which begin to narrow the limits of 
this figure's Bimilarity to others. 
With the evolution of an inferior 
diamond, a score of 4 Is given. Tor 
this score there must be four sides and 
four angles and a semblance of sym- 
inctryj though details of relation, pro¬ 
portion and orientation may be over¬ 
looked. With good proportion and 
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correct orientation, a score of 5 is 
given. 

With the scale so constructed^ table 
2 will given an icloa of its general rela¬ 
tion to the age scale. Since all 293 
subjects were given the fiuat test, i.e., 
tlio drawing of the horizontally placed 



Boore 3 


him at the time of beginning the exper¬ 
imentation. 

As far as years the figures show 
a steady and fairly even advance from 
age step to age atep, Beyond thia^ 
up to the adult stage, the cases are 
few and scattering and all those ob- 




3c<3ro 4 


Fm. 1. lu.ubTUA'rioNa of 

diamond from the pattern, under the 
same conditions, scores for this test 
alone are used, so obviating the ten¬ 
dency to modify the results which dif¬ 
ferent conditions of presentation might 
produce. The figures in the table 
tlicn, will give ii good idea of the 
cbUtl's ability to do the tusk set hcCorc 



aaoro 9 

SconiuQs POT\ Dumoi^ds 

taining a score less than 4 may be 
accountod for by some factor of retar¬ 
dation. It so happened that the body 
of systematic testing was limited to 
children of second grade age and below 
and to the small adult group. Rec¬ 
ords between the ages of 8 years 7 
months and 13 years 6 months appear- 



0 


Ricis; Movements in Drawing 


ing ill the data arc taken from cases 
brought into the laboratory for special 
DXiunliitttioii for one reason or another. 
Many of thc.s 0 turned oiit^to be child¬ 
ren of superior intolligciicc and their 

TAniJ!2 

DuInliJilion oS pcyfeclion of performance by 
aijc: Diamond drami from pattern in 
horizonial jwulion 


AUKS 

f^coiies 

1 

2 

3 

4 

5 

2:f-2:0 

4 





2:7~3:0 

7 

1 





1) 

7 




a:7-4T0 

2 

B 

4 




5 

7 

8 



4:7-5:0 

4 

0 

15 

2 


1-5:0 

Q 

7 

0 

0 


6:7-0:0 

0 

2 

13 

7 


0:1-6;0 

0 

1 

13 

16 


G;7-7;0 

0 

1 ^ 

5 

20 

2 

7:1-7:0 

0 

0 

4 

22 

3 

7;7-8:0 

0 

0 

1 ^ 

17 

4 


0 

0 

0 

5 

2 

8;7-0;0 

0 

0 

1 

0 

1 

fl:l-9:0 

0 

0 

1 

2 

0 

9;7-10-.0 

0 

0 

1 

1 0 

0 

10:1-10:0 

0 

0 

0 

0 

1 

10:7-11:0 

0 

0 

0 

1 

4 

11:1-11:0 

0 

0 

1 

0 

1 

12:1-12:0 

G 

0 

1 

0 

0 

12:7-15:0 

0 

0 

0 

0 

2 

13:1-13:0 

0 

0 

1 

0 

0 

AiliiU 

0 

0 

0 

1 

11 

Tumi. 

31 

42 

81 

108 

31 


scores all fall on 5. The otliera are of 
mtevesL mainly in giving added mater¬ 
ial in proof of the rcliitioii of this activ- 
ity to pliysical and mental dcvclop- 
nient and to the development both of 
perception find motor coordination. 
I[ we coiiHider individually all the 


ensejj between 8 years 7 months and 
13 years 6 moths which fall below a 
score of 4, we find the following facts 
to be true. In one of these cases 
the records show no reason other than 
the objoctive fact that the body in 
question was still in the second grade 
at the age of 9 years 3 mouths. This 
boy, with a chronological age of 9 years 
3 months and nn I.Q. of 101 was quiet 
and resevved, and showed little intev- 
eat in the execution of liia taslc, The 
case in the age group 8 years 7 months 
to 9 years having a score of 3 is that 
of a boy of 9 years, still in the first 
grade, because of a speecli defect 
which made it almost impossible to 
understand liim. No Dinet test had 
ever been given successfully to him, 
and at the time this test was made, his 
mental age was not available for com¬ 
parison. The case in the age gi'oup of 
9 7 months to 10 years, having 

a score of 3 ia that of a boy with a 
Binet mental age of 10 years 10 months 
but showing a marked lack of muscular 
coordination, and what we may call for 
lack of a better term, an inability to 
perceive objectivitcly. He was ex¬ 
tremely imaginative, and quite pro¬ 
ficient in tasks of composition and 
verbal creation, but seemed utterly 
unable to create objective realities 
with his hands or with tools* The 
other 3 are all cases of retarded mental 
development, 2 of the I.Q. scores being 
low enough to throw the mental ages 
of the subjects below the 8 years level. 
In spite of this fact, subsequent at¬ 
tempts by these 3 subjects to draw the 
diamond, after practising on various 
elements of the figure in the interim, 
show performances rating in each case 
nfi high as 4 and in one case 5. These 
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cfisGs present pictures of slow adapta¬ 
tion to a new situation, and arc in 
marked distinction to the 2 cases 
showing speech and motor defects. 
While five or six cases are far too few 
from which to generalize, it is interest¬ 
ing to note that in each case that shows 
a lower score than one would expect, 
there ia some outstanding factor which 
may easily account for the situation. 
It would be interesting to analyse a 
scattering of cases at the lower cud of 
the age scale to see if superior inbelli- 


Eis found in table 3. Though certain 
of the correlations in this table are 
hard to interpret logically, as a rule 
apparent marked peculiarities may be 
accounted for by the scarcity of cases. 
For this reason the actual frequencies 
and directions of score changes are 
given in the second part of the table 
are more illuminating. It must be 
born in mind also that some of the 
conditions arc not stated in the prob¬ 
lem, such as the accumulative practice 
cfTect from one sot of conditions to the 


TABLE 3 

Correlalioiis and analyses of score changes between diainonds drawn from pattern in horizontal 
position and diamonds drawn under other set conditions 



nuooi’fl 


NuMDP.n or flcoREa 


included 


SainQ 

In< 

cToaaQ 

1 De. 
orcaao 

From iiattcrn—vortical. 

ABC 

.20 ±.05 

130 

43 

IS 

After removing pattern—^liomontal. 

ADC 

.42 ±.04 

132 

23 

3G 

After rcipovirig pattern—vortical. 

ADC 

.68 ±.03 

114 

48 

29 

From memory—under acrccn—2 weeks after first 
test. 

A 1 

.35 ±.05 

64 

7 

G1 

From memory—under acreon—more than t\YO 
weeks after first test. 

B 

.17 ±.10 

10 

1 

12 

From i)attern—after practice—horizontal. 

D 

.62 ±.03 

4C 

7 

7 

From ])attern—after practice—vertical. 

E 

.16 ±,19 

S 

2 

1 

From pattern—2 weeks after first teat—vertical,. 

F 

.83 ±.04 

27 

2 

2 


gence might nob bo the causal factor 
there, bub since in this particular dis¬ 
tribution of cases there is no sc uttering 
at that end, we cannot at this time do 
so. 

So much for a comparison of the 
score scale with the age scale. Fur¬ 
ther interesting material on types of 
factors effecting excellence of perfor¬ 
mance, as indicated by such a method 
of scoring, may be obtained from the 
summary of intcr-corrclatioiis and 
changes in score for individuals when 
the conditions of operabion are changed 


next, which is present even under con¬ 
ditions where practice of drawing the 
elements of the figure was not included. 
Nor was the possibility that one figure 
position might be easier to draw than 
the other taken into consideration. 
Very little can be concluded from bliese 
figures aside from the fact that the high¬ 
est correlation seems to be between 2 
figures in opposite position, drawn un¬ 
der the same conditions with an inter¬ 
val approximating two weeks between 
the 2 operations. This set of condi¬ 
tions is undoubtedly that least en- 
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cumborccl by extraneous factors each 
aa practice cfFcct or memory, wbicli 
^vould tend to interfere with the cor¬ 
relation, We may also .note—what 
might well be expected to be the case, 
that an attempt to draw from memory 
under a screen, two weeks or more after 
the firat attempts gives a marked de¬ 
crease in score. Since the experimen¬ 
tation was carried on with other ends 
in view than the demonstration of the 
effect of differing conditions on per¬ 
formance, Uio grouping of aubjecta 
is nob sucli that reliable results may 
be obtained for comparisoti. 

3. Analysis of direcHoJis and types of 
h/TCs ttsed in drawing diamonds 

With a general idea in mind of the 
method of scoring, and the distribution 
of scores over the ago scale, then, it will 
next be intercating to see what types 
of strokes nre made by these children in 
drawing dininonda, and to relate the 
type of stroke used to the score of 
excellence and to the ago. 

After studying the performances 
carefully for some time, it was found 
that first of all the strolccs could bo 
divided into 2 main categories (1) the 
‘^contmuouB Vinc,'^ in which the pencil 
was not raised from the paper at any 
time throughout the process of drawing 
the figure, and (2) the ''broken line,’’ 
in wliich the outline of the diamond 
was divided into two or more parts, the 
pencil being lifted to another point 
on the paper between successive 
strokes. This transfer from one point 
on the paper to another was used as the 
distinguishing feature, and cases in 
which the pencil was merely lifted 
from the pajicr, then replaced in the 
same spot, after which the line was 


continued in the same direction, were 
considered as continuous lines rather 
than broken ones. 

Given the 2 categories, they were 
further subdivided with respect to the 
direction in which the lines were 
drawn. With the continuous lines 
this resulted in divisions into clock¬ 
wise and counter-clockwise strokes. 
With the broken lines the divisions 
were with respect to progress of the 
line to the right, the left, up or down. 
In general these classificationa were 
dependent on the point to which the 
pencil was returned before starting 
the Bceond stroke of the broken line. 
For example, if the child started draw¬ 
ing at the left hand point of the dia¬ 
mond as it lay in the horizontal 
position, drew 1, 2, or 3 sides of the 
figure with a continuous line, then 
raised his pencil and moved it to the 
initial point of departure again before 
drawing the remaining sides, the gen¬ 
eral direction of the lines of the figure 
was from left to right, and the dia¬ 
mond ia tabulated under the] heading 
"righV' in the category ’‘broken line." 
Similarly if the starting point is at the 
top, the diamond is tabulated under 
the heading "down,” If at the right, 
under the heading "left,” and if at the 
bottom, under the heading "up.” 

It is necessary to say a word further 
with respect to the interpretation of 
the 2 major categories in the case of a 
score of 1, which, it will be remembered^, 
ia the score given when the product ia 
nothing but a scrawl, In this case, 
continuous line may be interpreted 
to mean a line of roughly circular or 
oval direction, while broken lino in¬ 
cludes not only the type of scrawling in 
which the pencil is often raised from 
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the paper and in which the lines show 
no curves, but niao the modified type 
of scrawling which oceurs when the 
child makes only one or two separate 
lines on the paper. Illustrations of 
scores in relation to direction and con- 


of the diamond, a more mature per¬ 
formance than the continuous line. 

At some future date, with a much 
larger body of data with which to deal 
it will be interesting to analyse the 
figures wliich are drawn with broken 



Broken 


//i. 



Broken 

Down (horlaon- 
IaI poBibloo) 



Fra. 2 . Illustiiations op Dihections Which Lines May de Dhatvn 


tinuity of stroke are given in figure 2. 
At the outset, there was a question in 
the mind of the experimenter whether 
these latter types, especially the last, 
might not be more mature reactions 
to the situation than the mere circular 
scrawl, as also, the broken line drawing 


lines with respect to the manner in 
which the lines are broken^ i,e., whether 
the first stroke consists of 1, 2, or 
3 bides of the diamond, whether the 
pencil is lifted and transferred only 
once or more than once in the process, 
etc. At present such nn analysis is 
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unjustified. The data are boo few, 
and the subiecta me not evenly enough 
diatvibuted over the age levels. 

With these factors in mind let ua 
proceed to examine the data under 
the first 2 mnin categories, continuous 
and brolccn lines, 'l^'able 4 gives the 
frequencies for continuous (column 
headed C) and broken (Golumn headed 
B) linos fov each score on the diamondj 
under the varying conditions of the 
problem. It is interesting to note 
that under 4 of tJic 7 conditions of 
proccdiirOj the trends of highest /re¬ 


increases progressively for the last 
three scores^ it is easy to conclude that 
na excellence in performance increases, 
the tendency to draw the figure with a 
broken Une takes precedence over the 
tendency to draw it with a continuous 
line. The fact that the broken line 
gets the majority iu score 1 under 
every condition but 1 is explicable on 
the grounds that the terms continuous 
and broken stand for slightly different 
performances under this score than 
under the others. It indicates merely 
that when asked to draw something 


table 4 


Frcqmtcics for coiHimwns (C) and broken (D) line tijpes of drawing for each score nnder the 
varying conditions of ike problem 


BCO»F.a 

iiauizQN- 

TAh^-ynoM 

IIOIITZDN- 

TAL-’AfTBlI 

IIBMOVINO 

rATTiillN 

VKUtlC Wi— 

FnD^r 

PA'STBTVH 

VBHTICAL— 

after 

nEMOVlNG 

rATTBim 

Fnojr 

MEMORY 

UWOEll 

screen 

iionrzow- 

TAli-'FRoM 

PATTKHif 

AV^ER 

PRACTfCB 

VBRTrCAL^ 

PROM 

PATTKJJJV 

AFIETl 

rHACTiCfl 

TOTA'L 


C 

D 

c 

D 

C 

n 

c 

n 

G 

D 

C 

D 

C 

B 

C 

D 

1 

15 

10 

5 

8 

3 

0 

4 

8 

7 

19 

3 

3 

11 

7 

48 

67 

2 

32 

10 

10 

1 

22 

0 

16 

4 

16 

0 

4 

1 

15 

2 

129 

18 

3 

29 

52 

28 

47 

IB 

35 

24 

41 

38 

39 

6 

9 

1 

2 

144 

225 

4 

41 

07 

21 

55 

24 

61 

20 

45 

20 

10 

IC 

8 

1 

3 

142 

255 

5 

6 

25 

1 

0 

0 

10 

2 

27 

0 

1 

5 

17 

0 

0 

20 

02 

Total,... 

123 

170 

74 

117 

73 

118 

00 

125 

80 

75 

33 

38 

28 

14 

477 

657 


(luoncy follow exactly that of the totals 
ns given in the Inst column, score 2 
bciug the only one in the scvicB which 
shows n higher rrcquency for contin- 
uouH lines than for broken lines. This 
is easy to understand when we con* 
aider that this score represents a circu¬ 
lar line or lines enclosing a space, 
Consicleriiig the fact that this score 
has [\lrcady been justified na the most 
immature except for the scrawl, by its 
position on the age scale, and tliat the 
relative difference hotween the con- 
thuious and broken types of diawing 


before they have reached the age when 
hand and aim muscles can be con- 
tvolled by perception, children are 
more apt to scrawl in straight or 
angular lines than in circles. It is 
barely possible that this is a first step 
at imitation of the more controlled 
motions which au adulb usea in draw¬ 
ing. If it is, however, a more ad¬ 
vanced state than the circular scrawl¬ 
ing it is not justified as such by the 
relative age distributions of the 2 types 
of scrawling wliich appear in these 
data. Iu further conaideTation of the 
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table under discussion, let us examine 
the 2 columns which deviate most 
from the tofcnl, with a view to deter¬ 
mining, if possible, reasons for the 
deviations. The first of these, which 


factors, (1) the afore-mentioned tend¬ 
ency with developing excellence of per¬ 
formance to swing over to the broken 
line method of drawing and (2) in 
opposition to this the inability without 


TABLE 5 

Frequencies for contimtoua (C) and broken (B) line types of draioing for each age level 
under the varying conditions of the problem 


AGES 

HOniZOKTAL— 

FnOM 

rATTUJlN 

irOlllZQN' 

TAli—^AFTBn 
HEMOVING 

fatterm 

VBIITICAIj— 
FROM 
PATT^nw 

VETlTlCAli— 

AFTER 

REMOVING 

rATl’ERN 

FROM 

MEMORY 

UNDER 

BL’RBBN 

ItOHIZON- 
TAIi—FROA[ 
PATTERN 
after 

PRACTICE 

VBRTiCAlf— 

from 

PA'PTEnN 

AFTER 

niAcricE 

TOTAL 


C 

B 

C 

u 

C 

n 

C 

D 

C 

B 

c 

D 

c 

n 

c 

n 

2:l-2:0 

2 

2 











2 

2 

4 

4 

2;7-3:0 

3 
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1 

2 

1 

2 

1 

2 

1 

2 

0 

1 

2 

3 

0 

17 

3:1-3:6 

12 

4 

8 
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0 

1 

8 

2 

3 

7 

0 

0 

5 

1 

45 

17 

3:7-4:0 

8 

6 

3 

0 

2 

1 

2 

1 

1 

2 

4 

1 

7 

2 

27 

13 

4;l-4:6 

8 

12 

3 

10 

6 

7 

6 

7 

6 

4 

2 

1 

5 

2 

36 

43 

4:7-6:0 

17 

13 

8 

10 

10 

8 

0 

9 

0 

4 

4 

1 

7 

2 

64 

47 

B:l-6:6 

14 

8 

11 

Q 

10 

7 

7 

10 

5 

8 

2 

3 

0 

2 

49 

44 

():7-0:0 

6 

17 

4 

13 

2 

15 

3 

14 

2 

6 

2 

3 



18 

6S 

0:1-0:6 

13 

17 

10 

15 

8 

17 

7 

18 

14 

11 

4 

1 



60 

79 

6:7-7:0 

8 

10 

0 

21 

6 

21 

5 

22 

11 

13 

0 

0 



30 

96 

7:1-7:Q 

14 

15 

10 

17 

11 

16 

8 

19 

11 

B 

1 

1 



65 

70 

7;7-8:0 

7 

18 

0 

17 

6 

17 

7 

10 

12 

7 

1 

1 



39 

70 

B:l-8:0 

1 

0 

I 

1 

1 

1 

1 

1 

1 

1 

1 

4 



6 

14 

8:7-0;0 

6 

0 

3 

2 

1 

4 

2 

3 

3 

2 

2 

4 



10 

21 

O:l-9:0 

0 

3 

0 

1 

0 

1 

0 

1 

1 

0 

0 

2 



1 

8 

0:7-10:0 

0 

1 









0 

1 



0 

2 

10:1-10:0 

0 

1 









0 

1 



0 

2 

10:7-11:0 

1 

4 









, 2 

3 



3 

7 

ll:l-ll;fl 

0 

2 









1 

1 



1 

3 

12:1-12:0 

0 

1 









1 

0 



1 

1 

12:7-13:0 

1 

1 









1 

1 



2 

2 

13:1-13:0 

11 

0 









1 

0 



2 

0 

Adult 

3 

0 









4 

8 



7 

17 

Total.... 

123 

170 

74 

117 

75 

lie 

66 

125 

80 

75 

33 

38 



477 

657 


represents the data gathered from 
drawing the diamond from memory 
under a screen shows at no place in the 
3 highest scores a marked difference 
between the frequencies. This is un¬ 
doubtedly duo to the opposition of 2 


the aid of vision to get back to the ini¬ 
tial starting point from sorne other 
point on the page. The second of 
these variations, representing the data 
gathered from drawing the diamond 
from the model in the horizontal posi- 
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tion after a practice period on drawing 
elements of the diamond, also has 
obvious factors which confuse the 
issue. The experiment, because of the 
use of the elementary parts, was drawn 
out to a much longer duration than the 
expel'] mentis carried on under other 
conditions. The material, after the 
first novelty was worn off, contained 
little of interest to the child and the 
possible factor of fatigue or boredoin 
resulted. The child's aha freciuently 
scorned to bo to see how quickly he 


obviously modify the results that they 
need in no way alter the more general 
conclusions offered above. 

Let us consider now table 5 which 
analyzes Lu a similar manner the fre¬ 
quencies for continuous and broken 
hues for each age level ’undBr the difier- 
ent conditions of the problem. This 
gives a very similar picture to the one 
juBt examined,—in general, the col¬ 
umns for the individual conditions of 
performance following quite closely 
the trend of the column of total re- 


TA.BLE S 


jFrcV^tcjwfes of diTBcUons of in both ho\\zonial and veriiaal figure&^ by &cotgs 





MOtlUQNTAl, 


_ 

VBUTlCAlj 

Bcon^a 

0 

D 

0 

B 

1 

0 

1 

S 

s 

S 
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1 

si 

% 

N 
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o 

p 

1 

12 

11 

3 

11 

1 

12 

14 

4 

1 

4 

4 

12 

2 

42 

24 

1 

4 

2 

6 

31 

26 

0 

2 

1 

3 

3 

41 

40 

6 

60 

4 

56 

25 

32 

a 

14 

9 

76 

4 

61 

36 

14 

37 
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82 

24 

32 

4 

16 

5 

93 

6 

11 

1 

1 

26 

0 

21 

0 

2 

1 

6 

0 

37 

TotEvl. 

1&7 

117 

24 

133 

10 

176 

100 

96 ' 

0 ' 

42 ' 

19 

220 

Total of loft; bond 


drawiuga,,.. 

0 

0 

10 

4 

3 

7 

4 

6 

3 

a 

2 

11 


could finish and leave, This resulted 
in n more careleas pcrforiuance and 
may have been an important factor in 
the increase of continuoua line draw- 
inga over broken line. On the other 
hand, in the case of children whose at¬ 
tention held, the practice on elements 
of the diamond often facilitated the 
drawing of the final figure. In such 
cjisua the use of the continuous line 
was an actual advance in skill over the 
use of the broken line. 

In short the.se 2 sets of conditions bo 


sponses, Here we have what might be 
called an uncertain period, between the 
ages of 3 and 6 years when the trend 
lines vacillate between the continuous 
and broken types of lines for some 
little time before going finally over to 
the broken type for the rest of the age 
range. This period coincides with the 
period on the age scale of greatest 
frequency for score 3, as naay be seen 
by comparing table 2, a typically 
intermediate score. The factors caus¬ 
ing the variations in the data of coh 
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umiis headed *Trom memory under 
screen, ”and ^ 'Horizontal—from pattern 
after practice” in table 4 are very 
evidently at work in this grouping of 
the data as well and may account for 
such discrepancies as seem to occur in 
the trends of the two coliimna in ques¬ 
tion. Aside from these deviations the 
same general tendency is obvious in 
this table,—a gradual change from the 
continuous line to the broken line as a 
means to drawing the diamond with 
the increase in age. 

There remnins then only to analyse 
the types of lines in further detail with 
regard to their direction. 

For tliis purpose a division of the 
data according to conditions of pro¬ 
cedure seems but n confusing compli¬ 
cation. The factors at work have 
already been demonstrated Lii the 
previous analysis and can show noth¬ 
ing further if carried over into the finer 
differentiation, nor will any point be 
gained by a further analysis of types of 
line witli reference bo age groups, On 
the other hand, a division of the mate¬ 
rial into horizontal and vertical presen¬ 
tations is obviously much to the point, 
since a person ia quite apt to draw a 
figure the long axis of which lies 
vertical, very differently from a figure, 
the long axis of which lies horizontal, 
and a pooling of the results of the 2 
types would lead to erroneous inter¬ 
pretation. To this end the great 
majority of the data are already di¬ 
vided by the conditions of presenta¬ 
tion. But in the case of the diamonds 
drawn from memory under a screen no 
such division exists and they must be 
separated by inspection. When this 
is done we find that of the 155 drawings 


made under the screen, 67 are drawn 
in the horizontal position, 62 in the 
vertical position, and 26 arc more 
scrawls, which can not be assigned a 
poaitiou and so will nob be considered 
in this connection. 

In table 6 the frequencies for each 
direction of line arc given for both hor¬ 
izontal and vortical positions, by 
scores. Considering first only the 
continuous line drawings, it is evident 
that for the horizontal position tlie 
clock-wiae motion is consistently more 
frequent than the coimtcr-olocicwisc 
with the exception of 1 score lovoh 
This difference is not so marked in the 
vertical position, in fact there ia hardly 
enough difference in the latter to war¬ 
rant its assumption. On the other 
hand, turning now to the broken line 
drawings, preference of right over left 
motions and of downward over upward 
in both positions ia very strikingly 
consistent and marked. It ia also 
noteworthy that while down motions 
show the highest frequencies for both 
positions, they are much higher in com¬ 
parison to all other motions in the ver¬ 
tical position than in the horizontal. 
It may be concluded then, that while 
clockwiac motions take doubtful pre- 
cedenco over counter-clockwise, right 
motions take strong precedence over 
left, and downward motions take 
strong precedence over upward. The 
latter fact is extremely interesting in 
the face of Wellman’s results. She 
found that lines drawn upward, on 
the diagonal from right to left tend 
to show least deviation from a true 
straight line. While it may be pos¬ 
sible for the child to obtain a good 
result in this direction, it is quite 
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obviona that he does not often clioosc 
it when otlier possible lines are 
available. 

Hoping to gain still further infor¬ 
mation on tlie matter the writer next 
isolated all the left handed perform¬ 
ances from the right handed. The to¬ 
tals for these by type of lines used ap¬ 
pear at the base oi the table. As 
might be expected, the rclatiYe rela¬ 
tion of downwnrcl motions to upward 
rcrnaiiis much the saino while the rela¬ 
tion of right to left tends quite ob¬ 
viously to reverse and the relation of 
cloekwiRc to counter-clockwise tends 
more doubtfully to do the Bamc. 

Finally, there seems to be little or no 
relation between type of movementa 
made aiid scora values. 

conclusions 

In general aummaiy of the results 
then, wc may conclude as follows; 

1. There seems to be a fairly close 
coviGspondcnce between increase in 
poinfctiooro obtained and increase in age. 

2. A general tendency ia present for 
increase in excellency of production 
ns indicated by inevease in score to bo 


paralleled by a shift from the contin¬ 
uous line type of drawing to the broken 
line type, except when extraneous 
factors such as cutting off of vision 
during performance^ fatigue, or prac¬ 
tice effect enter in to make the con¬ 
tinuous line type more expedient. 

3. A Birnilar tendency ia evident,for 
increase in age to be paralleled by a 
shift from the continuous line type of 
drawing to the broken line type, 

4. There is a alight tendency for 
clockwise movements to take pre¬ 
cedence over counter-clockwise move- 
inents in right handed perfonnances, 
with a possible tendency to reversal of 
this relation in left handed perform¬ 
ances. 

5. There is a marked tendency for 
downward movements to take pre¬ 
cedence over upward movements and 
for right movementa to take preced¬ 
ence over left, in right handed per- 
f omancca, with a reversal of the latter 
relation in left handed perf ormancea. 

0, Finally direction of movement 
Bcema dependent rather on the position 
in which the figure ia drawn than on 
any cxcGllencc of performance. 
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Psychophysiological Studies* 

I. The Technique of Securing Quantitative and Coor¬ 
dinated Psychological and Physiological Data on 
Lactating Women in Their Usual Home 
Environment 

Helen A, Hunscuer, E. Lee Vincent, and Icie G. IVIacy 


E arly in 1924 a series of studies 
on the factors influencing the 
accretion of human milk was 
begun by the staff of the Nutrition 
Re&earch Laboratories of the Meirill- 
Palmcr School and the Children's 
Hospital of Michigan, in cooperation 
with the Woman's Hospital of Detroit, 
and later, in cooperation with the psy¬ 
chology staff of the Merrill-Palmer 
School. 

Tlio purpose of this cooperative re¬ 
search was to investigate the relation 
of physiological, psychological, and 
social factors to tlio functions of the- 
maternal organism during the repro¬ 
ductive cycle. In view of the recent 
wulcHprcad interest in the coordina¬ 
tion of data in vnriouB fichla of study,^ 
it is hoped that the results of these 
investigations, as they arc reported 
from time to time, will be of use in 

* From the Nutrition Research Lubora- 
lories of the Mcrrill-Palmcr School and Ihc 
Children ^0 Hospital of Miclugau in coopera¬ 
tion with the Pay fill ology Stall of the 
Mcrrill-Pnlmer School, Detroit, 

^ Reports of the Home Prohicnia Con¬ 
ference held at tlio McrrilUPiiliner School, 
April, 1027; the Conference on Familial He¬ 
in t ions, December, 1028; tlic Conference on 
Rural Family Ilelations, March, 1920. 


demoustmting the integration of di¬ 
verse data to secure a fairly complete 
picture of individuals in relation to 
family groups, 

In coordinated studies of tliis typo, 
there arc 2 important methodological 
problems: First, the development of 
methods of securing the various types 
of data witliout unnecessary duplica¬ 
tion and waste, which requires the 
closest possible cooperation among the 
advisers representing the various fields 
concerned, and (which is even more 
difficult) the securing of a epecially 
trained worker who can secui'e such 
all-round data with accuracy and an 
understanding of all the factors in¬ 
volved and a aytnpathctic approach 
to tlic subjects; and, sccondlyj the 
development of methods of reducing 
the diverse types of data to objective 
and quantitative terms, with a de- 
noniiiuitor suflicicutly common to per¬ 
mit of coordination and comparison 
of the data, Tliioughoiit the present 
series of studies, the object has been 
tlio detailed study of a small number 
of cases, paralleled by a study of 
mothoda of collecting and analyzing 
data. 

The present paper reports the ex- 
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perimcntfil mcthoda Hcvised for and 
followed in the collection of diverse 
types of data on women daring the 
periods of pregnancy and lactation, 
while living in their home environ¬ 
ments, with special emphasis upon the 
mothocla followed in studying the psy¬ 
chological factors influencing the secre¬ 
tion of milk. Concerning this latter 
problem, which necessitates coor¬ 
dinated and systomatic investigation 
in cheinisbry, physiology, sociology, 
and psychology for its satisfactory 


lactation periods of the normal, suc¬ 
cessful mother living in the hornc. 

The authors hope that the material 
on the personality of the subjects and 
the scale for daily recording of the 
emotiona eK,perieiiced will be of interest 
to psychologista, and that the report 
will be of interest to sociologists, not 
only for the attempted analyeia of home 
environment and family relations, but 
also as a record of data which the 
investigator gathered in the homes of 
the subjects over long periods of time, 


TABLE 1 
Case histories 



etIIlJBCT VI 

HnElRUT Tril 

auDJEOT viir 

Age in yenns. 

27 

34 

29 

Intelligence. 

Average 

Superior 

Low average 

L*aTcnLagc.. *.. *.. 

Rural American 

Rural American 

Rural American 

Number of siblings.... 

12 

4 

12 

Edvi Rational oppottuniUcs. 

1 Elementary 
school 

2 years college 

Elementary 

school 

Occuimtion beforo mftrriage. 

Shop worker 

Pharmacia b 

Shop worker 

nuabnncl’f) occuimtion. 

Number of cliildrcn nt end of 

Railroad flromnn 

Salesman 

Railroad conduc¬ 
tor 

atudy. 

1 

3 

2 

Type of home. 

ft-room single 

6-room single 

6-room single 

Ownorflliij).. 

Purchasing 

Purcliasing 

Purolmaing 


solution, little beside,s advice in the 
medical litcratuic, baaed for the most 
part on general clinical experience, is 
aviLilublc- Scattered reports of un¬ 
usual caaca have in some iustanccs led 
to cerhiin concepts among physicians 
regarding the stimulating and in¬ 
hibit iug factors in milk secretion and 
the effects of child-bearing and -nursing 
upon the maternal organism, bub so 
fe^r as the authors have been able to 
learn, tliuro has boon no attempt to 
luahe a coin[)rehcnsivc and coordinated 
^cieutiEic study of the pregnancy and 


without exciting animosity or resist¬ 
ance within the family groups. 

pnocEmjiiTii 

The studies were begun by observing 
patients in the Woman^s Hospital 
duiing the lying-in period. It was 
found possible to gain entrance to the 
homes for the study of the variation 
in composition of breast milk in re¬ 
lation to the physiological activity, 
food, emotional reactions, and other 
relevant factors. After an orientation 
study on 4 cases at the Woman's 
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Hospital,^ a more comprehensive and 
detailed program of observation was 
undertaken on 3 women. Table 1 
gives the essentials of the case 
histories of these subjects, VI, VII, 
and VIII, who were studied throughout 
their lactation cycles in 1926-27, 
during the pregnancies that followed 
immediately in all 3 cases in 1927-28, 
and in the succeeding lactation cycles 
in 1928-29; all these periods being 
almost coincident in time for the 3 
women. 

The Human Milk Studies hnve been 
carried on in the Nutrition Research 
Laboratories of the Merrill-Paimer 
School and the Children's Hospital of 
Michigan, where the physiological 
(1-10) and clinical phases of the proj¬ 
ect have been executed. The psy¬ 
chological and sociological phases of 
the study have been supervised by the 
psychology and sociology staffs of the 
Merrill-Palmer School. Other special¬ 
ists in psychology, sociology, biochem¬ 
istry, nutrition, medicine, and den¬ 
tistry have been consulted from time 
to time throughout the study. 

The home contacts were made by one 
of tlic writers (II. II.) whose training 
was in home economics, supplemented 
by sociology and psychology. The 
entry to the home was obtained by the 
Mothcr^s Milk Bureau of Detroit for 
the purpose of collecting samples for 
chemical studies on the variation in the 
composibioTi of breast milk. The ob¬ 
server lived in the homes two days 
each 1 no nth during twelve months of 

^ 'J'ho (luLliors wish to cxi)ri‘Sfl tlioir obli- 
Rnlioii (uul Lhanks Lo Edith Beck, R. N., 
Supervisor, for psychological observations 
tind records kept for (.Iioho j irolini inary ciisos 
during the hospital period. 


the first lactation cycle studied. She 
supervised the collection of milk, 
weighed the food eaten by the women, 
and noted the activities, home atmos¬ 
phere, and emotional reactions of the 
women. She avoided the obvious r61e 
of an observer and assumed that of a 
friend in assisting with the housework 
and caring for the children whenever 
the opportunity arose. Behavior which 
would limit the usual home activity 
and conversation was avoided. There 
is reason to believe that within two 
months her presence was accepted aa 
a matter of course by all members of 
the family and that thereafter the 
spontaneity of the individual and 
family behavior was uninhibited. 

This worker lived in each of the 3 
homes during the making of metabolic 
studies at intervals throughout the 2 
lactation periods and 1 pregnancy 
period. Eight five-day studies and 1 
fourteen-day study were made on each 
subject, thus making a total of 54 
full days* residence in each home 
during two years. Frequent visits of 
several hours each were interspersed 
between the longer periods of residence. 
In addition to the infant, each family 
had from one to three children, who 
proved to be sources of information 
about ways of living in the family and 
the behavior of individuals in the 
family group, for they quickly re¬ 
ported any changes that were made in 
order to make a good impression upon 
the visitor. Frequent sliort-time visits 
were made unannounced, in order to 
check on the home atmosphere as ob¬ 
served during the scheduled visits in 
the home. It would seem that with 
so long a residence in the home and 
so close a contact with the family^ the 
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UBiml and natural activities tvouW 
becomo acGCflaibla to observation, and 
thfit it is justifiable to consider the 
behavior pictures of the women re¬ 
corded undev these conditions as fair 
Gamplings of their habitual home life- 
The flubjects have made unusual and 
valuable contributions through their 
continuous and untiring efforts in 
freely discussing their homo aituationa, 
making diary reports, and keeping 
records of food and liquid intake, the 
body weights of bhcmselvea and their 
babies, the quantity of milk produced 
daily, and the daily emotional leac- 
tions* The women were accustomed 
to call the worker by telephone to re¬ 
port any unusual happenings that they 
believed to bo of flignificanco in the 
study. We feel that much of this un¬ 
tiring codperation was due to the fact 
that the value of accuracy and the sig¬ 
nificance of the various procedures were 
thoroughly explained to the women, 
thus stimulating in them a desiro for 
CQoperation with us in the study, 

The extent of this codperation may 
bo measured by the fact that over the 
period of two and one-half years, 
during moat of which time daily or 
twice daily records were necessary, 
Subject Y1 returned 100 per cent of all 
possible records, Subject YII, fl4 per 
cent, and Subject VIII, 100 per cent. 
The failure of Subject VII to return 
records ms in itself a valuable measure, 
since it seemed to Indicate a funda¬ 
mental personality trait, similar laxi¬ 
ties being frequently evident in her 
homo activities. 

ravciionocucAij anb bociologigal 
STUDIES 

The prol)Iern of measuring the in- 
Icllcetiiiil traits of tho subjccta was 


not difficult, slncb variauB fairly suc¬ 
cessful quantitative measures of in¬ 
telligence have been made available 
during the past two decades. Tho 
Otia Group IntoUigenoo Scale and the 
Detroit Alpha Intelligence Teat were 
used. 

The problem of measuring non-in¬ 
tellectual traits was more difficult, 
however, for, though numerous devices 
have been created in an attempt to 
measure aiioh traits quantitative [y^ 
none seemed to serve adequately for 
such a study as this one. 

The purpose of the psychological 
and sociological phases of these human 
milk studies was, then, two fold; First, 
that of observing the relation of the 
psychological condition of women to 
their milk secretion, and second, that 
of devising a plan for observing and 
recording daily emotional reactions 
and other personality traits in a specific 
and quantitative manner so that they 
could be correlated with the quantity 
and quality of milk produced by the 
subjects. 

Since the inception of this project 
four years ago several studies on the 
psychophysiological relationship have 
been started and reported in the litera¬ 
ture. A review of the change in 
attitude from the psychological to the 
biological as an approach to the study 
of personality is given by ilieh (11), 
who has made a challenging attempt 
to approach the problem from the 
viewpoint of biochemistry. In view 
of this increasing interest in the pay- 
chophysiological approach it seems ad¬ 
visable to report at this time the 
methods devised for use in the present 
long-time study. 

The case history method was used 
in the initiation of the project. The 
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perioda of residence in the homca and 
the various visits gave the worker 
an opportunity to obtain such bio¬ 
graphical material as the physical and 
mental background of the family, the 
nature of the home training, early life 
with siblings and playmatea, and op¬ 
portunities for social and educational 
experience. The emotional stability, 
lioiiesty, optimism, psychic drive, 
sociability, sense of reality, extrover¬ 
sion or introversion, sclf-esbiinatiou, 
and self-control of the subjects were 
estimated by the worker after long 
acquaintance with them, The siib- 
jects described their own general tem¬ 
perament in regard to temper, general 
irritability and control, strength of 
sex urge, sociability, special talents, 
and emotional stability. 

The 4 standardized tests^ for the 
rating of personality and emotional 
stability which were administered 
yielded a general picture of the in¬ 
dividuals and of the probable reaction 
of the women as determined by evalua¬ 
tion of usual conduct, bub gave only a 
limited analysis of details and of 
changes in emotional behavior. The 
descriptive personality method of the 
case hi.story depicts in a general manner 
the reaction tendencies noted by the 
observer. On the other hand, this 
method docs not allow for daily varia¬ 
tion in the nature and intensity of the 
reactions, a record of which is neces¬ 
sary to the understanding of the 
emotional make-up of the individual in 
a continuous long-time study. It was 

* TliG Preasoy X-0 Testa, tho Laird 
Personal Inventory Testa, the Social In bel¬ 
li gen co Teata of the George Washington 
University Series, and the Allport Aacend- 
eiicy-SubmiBsion Study, 


iiccesaary, then, to devise some means 
of recording the daily emotional pat¬ 
tern quantitatively in such a way that 
tho changes in emotional behavior 
might be correlated with one another 
and with the measurable changes in 
physiological behavior, e.g., the quan¬ 
tity and quality of the milk secreted 
and tho chemical composition of the 
blood and urine. 

Several methods of recording the 
daily emotional pattern were tried 
before a satisfactoiy one was secured. 
Early in the study the general ratings 
were supplemented by daily reports of 
activities and reactions made by the 
women themselves. These were in 
the form of a one-page report (Plate I) 
designed to record variations in emo¬ 
tional response as measured by the 
pre.sence or absence of five emotional 
states, i.e., temper scenes, worry and 
anxiety, melancholy, hilarity, and ex¬ 
citement, with a small space provided 
for a description of the incident ac¬ 
companying or causing the emotion, 
The results showed that this method 
was not practicable. The subjects 
lacked both the time and the vocabu¬ 
lary to compose a daily essay report 
of their emotional responses; they 
found it difficult to classify the ad¬ 
justments of the day under the head¬ 
ings provided; the amount of writing 
required and the difficulty of classi¬ 
fication led to incomplete or neglected 
reports; and frequently only one inci¬ 
dent of the day was reported when 
those preceding or following it may 
have had more influence in determin¬ 
ing the general emotional pattern. 

To avoid some of the difficulties 
inherent in this form of report, the 
women were asked to write a narra- 
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PLATE 1 

Name. 

Date.. 

Vni. 5. Ddhj Report (One Bhtct each, CQYCTinR 20 GOnaccutivcdaya) 
fi. Emotional picture. Record itisbancefl of; 

L Temper ... 


2. 'Worry and anxiety 


3. Melancholy, 


4. Hilarity 


6. Excitement, 


b. Quality ouul quantity of milk if measured 


c. Phyfiicftl conclitLOn, 


d, llclcvant incidents 
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Live of their daily activities and reac¬ 
tions in the form of a daily diary, but 
the lack of time, inclination, and com¬ 
mand of expression limited the success 
of these accounts also* One woman 
with inj^ny home duties found the 
necessary time and enjoyed writing of 
her family routine and disturbances. 
On the other hand, another frequently 
found so little to write, other than 
'Visual day,'^ that her diaries proved 
useless as a record of presence or 
degree of emotional activity or reac¬ 
tions. Again, though the diary type 
of report provided opportunity to 
record and describe emotions and their 
stimuli, there was no way of estimat¬ 
ing the degree of respousc or of classify¬ 
ing the records either quantitatively or 
qualitatively. 

It was evident that what was needed 
was a scale which would permit the 
subject to rate and record her own 
emotional states and which would 
have uniform classifications and cover 
a definite time period, but would allow 
for tlio recording of different degrees 
of intensity in the emotional experi¬ 
ence. A self-rating device was con¬ 
sidered essential, not only because it 
was impossible to keep a worker in the 
home constantly, but also because 
even i2]timato contact with the subject 
might not reveal her actual feelings 
to tlie observer, owing to the fact 
that the adult habitually conceals 
certain reactions from social habit and 
that the difference in range of experi- 
ence.s in subject and observer intro¬ 
duces a large personal margin. 

In devising the scale, therefore, the 
special requirements of a self-rating 
device were considered. Adjectives 
descriptive of personality traits and 


emotional responses were analyzed to 
determine those which one would most 
often use in describing one’s self rather 
than another person, and this selected 
list was compared and combined with 
descriptive words used by the women 
themselves in their diary records. 
The words used in the scale arc there¬ 
fore those common to the layman or 
non-acadcmic person, but the mean¬ 
ings and classifications have definite 
values. The words selected arc de¬ 
scriptive not of such total personality 
traits as stability, self-control, good- 
naturedness, and the like, but of 
personal and specific responses to situa¬ 
tions which are likely to vary from day 
to day, Care was taken to include 
fear, anger, joy, love, worry, and ex¬ 
citement, and to consider the possi¬ 
bility of estimating them quantita¬ 
tively, since these states are especially 
mentioned by medical writers as factors 
influencing the secretion of milk. 

It was believed that these daily 
records, kept over a long period of 
time, would permit a sounder judg¬ 
ment of total personality traits than 
would more subjective ratings made 
by either the worker or the subjects. 
The material obtained by the case 
history method was cheeked against 
these daily records, and the records 
themselves were checked against rat¬ 
ings made by the worker on the basis 
of both types of record. 

Twelve pairs of adjectives, each 
pair describing opposed emotional 
states (c.g., Qood-natured and cross), 
appear on the scale. Each of these 
pairs is scaled in 5 divisions, to show 
the difl'erential intensity of the 
emotion. Thus a check at cither ex¬ 
treme of the 5 divisions indicates a 
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Dale: 


PLATE II 
Daily He actions 

AJiernoon 


MgitIU-P aimer School 
Nutrition B-GBearoli Laboratory 



LiBtlesa 

Optimiatic, 

Secure 

Dejected 

Relaxed 

Dieguated 

W oTried 

Affectionate 

Crosfl 

Content 

A pa the tic al 

Bested 


Ev&riino 


Energetic 
Peaaimiatic 
AI mid 
Hapiiy 
IliEh-strunB 

PiciLscil 

Carufrec 

IndiJTereiib 

GoQd-uatnrcd 

DiycaiUcntod 

Ardent 

Tired 


Liatlesa 

Optimigtio 

Secure 

DoiGcted 

Relaxed 

Diaguflted 

W ortied 

Affeofcionato 

Croaa 

Content 

Apathetioal 

RcBtcd 


llEMAnKB: Did you loso your tcmpoT? Yea„„...„„. No. 

Na^in ArrEHNoON; Yea. No. 

Niout SnRHV; —.Ilours, Broken.. Dnbrokon....,,-. 

Act[VItv: IntcngQ.^ IVlodcratc., Liglvt.. Podoi^iDteT llendiriR,.., 

Dubamu; Many., H’ow.. Nona.. Happy.. IndllTcrcnt.., biatToaaing.. 
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marked degree of the emotion shown 
at that end of the scale, a check at the 
center an absence of either extreme, 
and a check in the intervening di¬ 
visions (2 and 4) the presence in a 
minor degree of the emotion shown at 
the nearer end of the scale (Plate H). 

TJie method of checking may be 
illustrated aa follows. The pair of 
opposed emotional states already men¬ 
tioned, good-natured and cross, are 
scaled: 

^ , 1 2 I 3 4 1 6 ^ 

Goocl-naturoa-- — — Oroas 

If the subjects feels extremely good-' 
natured, ns opposed to cross, or if she 
‘Teels good no matter what happens,”'^ 
she will check on 1. Perhaps eveiy- 
tliiiig is ^‘going wrong/^ she “wants to 
jump on the children for nothing at 
all,'‘ she is “truly ill-humored"— 
then 5, the opposite of 1, is the place 
to check. On the other hand, if the 
flubject cannot diatinguisli the feeling 
described by either adjective, she will 
check on 3, the zero point of either 
good-iiaturedncss or crossness. If the 
children are slightly bothersome, or the 
family is not going as smoothly as 
usual, or the subject feols ‘^peeved," 
she will check on 4, the mid-point of 
3 and f). If the affairs of the day are 
going fairly well, with few disturbing 
incidents to destroy a good nature, and 
she does not feel extremely good-na¬ 
tured, but certainly not cross, she will 
check on 2. 

In order to offset any tendency to 
check consistently on one side or the 
other of the scale, and to prompt the 
thoughtful evaluation of each eino- 

* The quotabioiia are from the diary 
records of Llie aiibjcofcs. 


tional experience represented, the plac¬ 
ing of all the favorable emotional 
states on one side of the scale and all 
the unfavorable states on the other 
side was avoided. 

The subjects wore asked to rate 
themselves twice daily, at the periods 
when there was most likely to be quiet 
in the home and least demand for 
household activity; that is, in the 
early afternoon for the morning rating 
and in the late evening for the afternoon 
and evening rating. In case the sub¬ 
jects could not check at these times or 
forgot to do so, they were requested to 
leave the scale unchecked. Space is 
provided under the checking scale of 
each pair of traits for remarks which 
might throw valuable light on the 
checking and at the bottom of the 
form for the recording of other relevant 
factors, i.e,, a loss of temper, the daily 
pedometer reading, the subject's own. 
estimate of the amount of her activity, 
the number of hours of rest and sleep, 
and the amount and type of dreaming. 

Several minor revisions of the scale 
were necessaiy after it had been tried 
long enough to indicate individual 
tendencies in checking among the sub¬ 
jects. Thus analysis of the results 
showed that certain adjectives caused 
individual subjects to check invariably 
on the same division of the scale, and 
that the substitution of another ad¬ 
jective descriptive of the same emo¬ 
tional state led to a less biased, more 
accurate evalution. For a period of 
two weeks, for example, one subject 
checked on the extreme of fearless in 
the pair of emotional states then 
described as/eo7’/uZ Siud fearless. The 
accuracy of these reports was ques¬ 
tioned and it waa thought that the 
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adjectivca used might have something 
to do with the uniformity of the report. 
Accordinglyj the terms afraid and 
secure wore substituted, and the sub¬ 
ject began to show variability in this 
trflifc on the checked scale and admitted 
that the former terms had annoyed her 
and led her to oheok as she did. 

The response of the women to the 
rating scale has been ver}^ satisfactory. 
They readily learned how to use it and 
liavefoimd it no burden to check twice 
daily. According to the subjects, the 
scale is complete descriptively, and 
they experience less inhibition in 
checking it than in describing their 
emotional experiences in diary form— 
an observation which ia confirmed by 
analysis of the diary records. 

In order that the material might be 
made more accessible for study the 
ratings made on these scales were re¬ 
corded on graph paper, a metliod of 
analysis wliich permits comparison of 
the physiological data (the daily quan¬ 
tity of milk, and the chemical com¬ 
position of the milk, urine, and blood) 
with the data on the daily emotional 
reaction. In graphing the ratings, the 
results for the intense emotions were 
placed at the bottom of the flve-step 
scale, since medical literature seems to 
indicate that strong emotions suppress 
the secretion of milk and change its 
chemical composition. If this assump¬ 
tion is true, the graphic record should 
show a fall in milk production as in¬ 
tense emotions arc indicated and a 
rise as milder emotions are evidenced, 
and marked variations in emotional 
reaction should be accompanied by 
changes in compositioti of the milk 
greater than the usual daily variation. 
An analysis of a sufficient number of 


25 

such records over long periods of time 
should substantiate or refute theories 
which claim a relationship between 
variations of emotion and quantity 
and quality of milk produced. Chem¬ 
ical and biological studies arc now in 
progress which will provide data for 
the correlation of the physiological and 
psychological findings. 

PHYBIOLOGICAL STUDIKS 

The long-time psychological obser¬ 
vations have been accompanied by 
comprehensive physiological studies 
made simultaneously on the same sub¬ 
jects. Physicians on tlie medical staff 
of the Woman's Hospital of Detroit 
examined and approved the hcalfcli 
status of the women under investiga¬ 
tion before the studios wci’e begun. 
The family physicians have since co¬ 
operated continuously in making avail¬ 
able all office records of the health and 
treatment of the women and in report¬ 
ing any information that they believed 
to be pertinent to the studies in 
progress. The worker visited the phy- 
flicians with the women if medical ad¬ 
vice waa sought during her visit in the 
home. 

During the 2 lactation periods and 
1 pregnancy period the women have 
been weighed weekly under specific 
conditions; their basal metabolic rates 
determined twice; detailed oral ex¬ 
amination and roentgenograms of the 
teeth recorded at definite intervals in 
the reproductive cycle; and their bodily 
measurements and photographs taken 
na guides in determining their body 
con.stitutiona and body types. The 
maternal food intake has been studied 
qualitatively and quantitatively in the 
homes. The constituents of the in- 
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dividiml dicta liavc been computed 
from ftcccpted tables showing the com¬ 
position of food matorialBi and tho 
diets chemically analyzed at Various 
intervals. 

Detailed analytical studies have been 
made of the chcmital variability of the 
in ilk of the individual women at defi¬ 
nite intervals throughout the progres¬ 
sion of lactation, to ascertaiu the 
quality and quantity of milk received 
by the infant during tlic process of 
growth and development. These de¬ 
terminations have included the analy¬ 
sis of nil the milk secreted at hourly 
intervals throughout the day and night 
over n specific period of time. These 
studies will yield information upon the 
chemical composition of hourly, daily, 
and monthly samples of milk from tlie 
same individuals during two successive 
lactation periods, and upon the relative 
amounts of milk secreted by the right 
and loft breasts and the relative com¬ 
position of milk lit the first half and 
last half of nursing- Biological assay 
of the vitamin A aiidB contents of the 
individual milks in 2 lactation cycles, 
comprehensive chemical analyses of the 
urine during pregnancy and lactation, 
and periodic blood chemistry studies 
have been made. 

Periodic chemical metabolic balance 
studioi^ have been made in order to 
observe the ability of the maternal 
organism to utilize the food consumed 
for satisfying the many demands 
phieed upon her during the repro¬ 
ductive cycle, i.e., in mfiintaining her 
own physical well-being, in ftssuriug 
op Lima! conditions for the development 
of the fetus in utero, and in preparing 
her own Imdy tis.sucs for the elabora¬ 
tion of milk to feed tlie infant. This 


information can be obtained only 
through studying the differences be¬ 
tween the chemically determined con¬ 
stituents of the total food and liquid 
intakes and the total outgo of urine 
and fecea during pregnancy, and be¬ 
tween the total food and liquid intakes 
and the total outgo of urine, feces, and 
breast milk during lactation. Those 
chemical metabolic balance studies 
have extended over five- and ten-day 
periods in the homes at specific inter¬ 
vals during the 2 lactation periods and 
1 pregnancy period, during which per¬ 
iods the materials used for the chemi¬ 
cal assay were collected. 

The development of the infants has 
been followed in detail. Records oF 
the prenatal, birth, and feeding his¬ 
tories, roentgenograms of the long 
bones for the detection of rachitic 
tendencies, and the course of the men¬ 
tal and physical development, all of 
which should contribute valuable data 
in this coordinated research, have been 
secured. 

The data obtained in these psycho¬ 
logical and physiological studies should 
furnish a basis for the further inter¬ 
pretation of psychophysiological re¬ 
lationships. 

DISCUSSION 

Medical literature carries the opinion 
that fatigue, excessive activity, and 
intense emotions have deleterious ef¬ 
fects upon human milk secretion. 
This conception is not, however, based 
upon scientifically recorded observa¬ 
tions but upon general clinical experi¬ 
ence, The method presented herein 
offers an opportunity for studying the 
physiological manifestations of intense 
emotion, and the effects of fatigue in 
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relation to emotional reacfciona and 
milk secretion. 

A graphic illustration of the method 
of coordinating psychological and phys¬ 
iological data is presented in Plate 
III, where the volume output of milk 
is Studied in relation to emotional reac¬ 
tions. This method of recording data 
provides for an interpretation of widely 
diverse types of material. It is the 
purpose of this paper, however, to 
present n method for integrating data 
of various types, rather than a sum¬ 
mary of findings with respect to the 
data used. 

Observations have been made on the 
hours of rest and sleep in relation to 
the degree of activity. The method 
includes also the differential rating of 
the “tired-rested'^ and “energetic-list- 
le8s“ reactions, the comparative trend 
of the ratings made in the afternoon 
and evenings, and the comparative 
ratings of emotion reactions, such as 
fear, anger, joy, love, worry, and ex¬ 
citement, all of which arc recorded 
simultaneously and all of which can 
be compared with physiological reac¬ 
tions. Any relationship between 
fatigue or emotion and the volume 
output of the chemical composition 
of the milk secreted by a woman can 
be noted, and the findings obtained 


in the chemical analysis of the blood 
and urine can be coordinated with tho 
other factors rated. 

The gi'aphie representation of tho 
quantitative psychological and phys¬ 
iological findings may yield informa¬ 
tion concerning certain mind-body re¬ 
lationships. For example, if intense 
emotion does affect the secretion of 
milk and vary its composition beyond 
the usual limits of variability for a 
given individual within a given stage 
of lactation, any appreciable fluctua¬ 
tion will be evident in the graphic 
record over an extended period of 
time. Such a variation must, of course, 
be in contrast to the usual emotional 
and physiological findings recorded. 
In other words, it is necessary to know 
the accustomed variability in the psy¬ 
chological, physiological, and biochem¬ 
ical reactions as a basis for interpreting 
results obtained during a period of 
intense emotion, or of other unusual 
variation. 

These studies of the factors in¬ 
fluencing human milk secretion offer a 
practical and successful demonstration 
of a technique employed in securing 
and evaluating quantitatively coordi¬ 
nated psychological, sociological and 
physiological data centered upon an 
individual within the family group. 
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Inter-relationships in the Behavior of 
Young Children 

Florencu L. Goodenough 


T he following series of reports 
presents results from a coopera¬ 
tive experiment carried out by 
a group of graduate students in the 
University of Minnesota Institute of 
child welfare during the fall of 1928, 
The major purpose of the experiment 
was to develop a method whereby 
direct observations of specified modes 
of behavior might be reduced to quan¬ 
titative expression on a uniformly 
graduated scale, and to ascertain their 
inter-correlations with each other and 
with such additional measures as might 
be available through other sources, 

The traits selected for observation 
were as follows: physical activity (2 
observers), amount of conversation or 
talkativeness (2 observers), laughter 
(3 observers), compliance (4 observers) 
and social traits including both social 
participation and leadership (2 observ¬ 
ers) . Thirty-three nursery school chil¬ 
dren, 17 boys and 16 girls, whose ages 
taken at the middle of the observa¬ 
tional period ranged from 27 to 59 
mouths were used as subjects. The 
mental age range was from 30 to 75 
months with mean of 48.8 months; 
the I.Q. range from 77 to 170 with 
mean of 110.5, 

In securing the original ol^scrva- 
tional material the method of short 
samples (1) WiLS used. Each o).)scrver 


secured a total of 2S onc-minutc obser¬ 
vations of each subject. Each obser¬ 
vation was taken on n different day^ 
and no two persons observed a child 
at the flame time, so that all measures 
were taken independently of each 
other. This method insures that fac¬ 
tors incident to the immediate situa¬ 
tion but not pertinent to the general 
field of inquiry will not operate to 
give a spurious appearance of reli¬ 
ability to the data; in other worclSj 
that errors of moasurGmeiit will be 
uncorrelated. 

The general procedure which was 
carried out by all groups was as follows: 
After having decided upon the particu¬ 
lar aspect of behavior to be observed, a 
series of descriptive categories was 
built up in such a way as to form 
roughly graded steps from a low to a 
high degree of the trait in question. 
This preliminary scale was then tried 
out empirically by having the members 
of the group make simultaneous obser- 

^ In a small number of instnucca ib waa 
necessary to make two obaervaiions of a 
child on the same clay in order to make up 
for losses due to absences. When this was 
done the two observations were always 
separated by as great a time intervai aa 
possible. As n riilCj one Was taken in the 
morning, the other in the afternoon. In 
Lhi.s respect the procedure dilTcrcd from ill at 
used by W. C, OJson (&). 
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vatioDs on each of a number of chil¬ 
dren, classify their behavior independ¬ 
ently and then compare the results. 
In most instances these first try-outs 
revealed inadequacies in the formal 
deacripfciona which led to disagreement 
in classification, When this was found 
to be the case, the scales were revised 
or tlie phraseology clarified and the 
method retested for objectivity in the 
same manner. This proceas waa con- 
tiimccl until it waa found that exact 


be used. The effect of auch irregulari¬ 
ties upon the consistency of the results 
will be discussed In connection with 
the papers on laughter and talka¬ 
tiveness, 

All records were made on prepared 
mimeographed fornas ao arranged as 
to reduce the labor of recording to a 
minimum. A sample of the form used 
ia shown in figure 1. 

In the space following the words Ob¬ 
servation of -- 


Obflervation of 

Date..Day... .Hour...Observer, 

Notes....... • 


CDILPHEN 

tSIlDEB OF ODBEA^ 
VATIOhT 

PLACD 

OCOQTATION 

Bconsa 

(in 15 BBCDNO INTBIIV^LS) 

1 

2 

a 

' 4 

A-R- 

Others 


■ 






A 7 


■ 




1 


iv - - - 

Others 


Fla, 1 


agreement in classification was ob¬ 
tained in at least 95 per cent of the 
independent observations, with no dis- 
agTecment greater in amount than one 
step on the scale. When the above 
degree of precision had been reached, 
work on the main project was begun. 

So far as possible, observations were 
made during the frcc^play hours from 
9 -30 to 10 1 30 in the morning and 2:30 
to 4'00 in the afternooiv. In a few 
cUvSea, owing to conflicts in the stu¬ 
dents' programs, these hours could not 


the kind of behavior under observation 
(ns laughter, physical activity, etc.) 
was recorded. The names of the chil¬ 
dren, arranged in alphabetical order 
were mimeographed on the sheets in 
order to economize time in. record tak¬ 
ing, The second column, headed 
Order of Obsei'vatwn provided a space 
for checldng the order in which the 
different children were observed. This 
order was varied systematically from 
day to day, since it wiva thought pos¬ 
sible that certain forms of behavior 
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might show constant variational trends 
from beginning to end of the hour.'^ 

The place of observation (play¬ 
ground, gymnasium, or room number) 
waa recorded in the third column, fol¬ 
lowed by ft note as to the child's occu¬ 
pation at the time. In the last four 
columns the child^s behavior score was 
recorded at fifteen-second intervals 
during the minute of observation. 
Recording was done by means of 
symbols representing the various steps 
or categories in the scales used. Each 
observer, therefore, obtained 100 sepa¬ 
rate records for each child in the course 
6i the 25 observations. The names of 
other children in the group with the 
child were also recorded for use in 
another study. 

After the data had been collected, 
the results for all the children were 
puoled and scale values for tlie separate 
categories were obtained by the use of 
the formula. 

j ^ ^ 

a = - 

where qi and qz arc the proportions of 
the total number of observations lying 
beyond the upper and lower limits 
rcapcotivcly of the category involved, 
and Zl and zi arc the ordinates for 
these proportions. (3) An arbitrary 
zero point of 3 eigma below the mean 
was assumed as the point of origin 
in all cases, so as to do away with 
negative values. Scores for each child 
were then computed by multiplying 
the frequency-score in each category 

^ For Dxamiilo, one student observed 
talkiitivcncafl during the lunch linur. Tt is 
rot improbable that as the appetites of the 
children become ajitisficd, definite changea 
in the amount of conversation take jilacc. 


by the scale vtiliic of that category, 
Riimining, and dividing the result by 
the total number of observations. 

Individual scores were obtained 
upon the basis of the records of each 
observer separately, and also for the 
combined records of all observers for a 
given trait. The reliability of the 
scores was then computed by finding 
the mean inter-correlationa between 
the scores of the separate observers 
for each trait and correcting by the 
Spearman-Brown prophecy formula.® 
This method may properly be regarded 
as ft rather rigorous test of reliability, 
since it is based upon the extent of 
agreement between the records of dif¬ 
ferent observers working at different 
times, and upon brief samples of 
behavior taken on twenty-five or more 
different days during a period of eight 
to ten weeUs.^ Under these circum¬ 
stances, the extent to which a child 
maintaina hia position in the group may 
fftirly be taken a.s an index to his 
habitual behavior in the nursery- 
school situation at tlic period of devel¬ 
opment under consideration. 

After the series of observations had 
been completed, the following addi¬ 
tional material was obtained for pur¬ 
poses of correlation. 

1. Each observer ranked the 33 sub¬ 
jects in order of physicat beauty. The 
ranking was done by a modified fonn 

The applicability of the prophecy 
formula to material of this kind had pre¬ 
viously been demonstrated by Par ten in her 
Ph.D. thesis (aa yet unpubli.shcd), 

Since the mcinbci'B of eucli group made 
thoir obBcrviitiona on different days riH far 
aa wna prnetic.ablo, the actuiil number of 
daya included in each series of ohicrvationB 
ia considerably in excess of twenty-five for 
all subjects, 


cuti.D i, No, I 



table 1 

tntercofrelaiions of mental, sectPt, and phyaieal traita in liUTSery sekool children 



MnrptDD fiCdlo I +.40 I — -19 I +.60 +.59 +.27 | +.02 


























































Minnesota M.-4. 



partblled out. Coefficieats cnclofled in [ire carrelation ratioa. 
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of the method of paired coin pari son a. (5) lucntiil age on the Mcrrill-Palmer 
Each child'H iidino waa written on a series of performance testSj (C) I.Q. on 
aepamte slip of paper^ and the slips MeiTilhPalmcr test, (7) standing 
were then arranged in order by com- height and (8) weight, both as of 
paring in turn each one with every above date, (9) hemoglobin test, (10) 
other one. number of days' nttendance at nursery 


2. llatings of each child on attractive¬ 
ness of persoJicUtij by the method of 
al)soliite judgment were also made by 
each oljscrvcr. A live-point rating 
Bculc was used with steps dcliiicd 
ns follows: 

a. Very delightful personality. At¬ 
tracts and holds the frieiiship of others. 
Lilted l 3 y both cluldrcn and adults, 
His compaiiioii.ship is universally 
sought for. 

b. Pleasing personality. Liked by 
most of the persons with whom he 
comes into contact. 

c. Rather colorless personality. In 
general is neither greatly liked nor 
disliked. His companionship is nei¬ 
ther sought nor avoided. 

d. Rather uniittraotive personality. 
A few friends but not generally popular. 

e. Decidedly unattractive person¬ 
ality. Disliked and avoided. 

8-4. A copy of the Marston rating 
scale for introversion-extroversion, (4) 
and of the Olson Rorica of ratings for 
the prediction of behavior proljlems,® 
was filled out for each child by each 
observer. 

Data were also ol)tainccl from the 
nursery-school records, as follows: (1) 
Chronological age taken ns at the mid¬ 
point of the period of observation, (2) 
sex, (3) mental age on the Minnesota 
test for pre-school children corrected 
to agree with chronological age at 
above elate, (4) I.Q. on iil)ove Lest, 

“ IJnpuVjliHhccl IMi.l). Llie^H, UriivordiLy of 
MiiuaiHoLu. 


Bchool, (11) occupational status of 
father, (12) size of family, (13) birth 
order, and (14) a rating on general 
physical condition (excellent, good, fair 
or poor) given by the nursery-school 
pediatrician, 

In order to avoid unnecessary repeti¬ 
tion, the intcrcorrclations of the obser¬ 
vational finding,s with each other and 
with the rating Beale, intelligence test 
results, measurements of height and 
weight, and attendance record are 
presented in collective form at this 
point (see table 1). Their discussion 
is reserved for the separate reports 
which follow. No reliable correlations 
wore found between either the hemo¬ 
globin teat or the physicuin's ratings 
on health and any of the other vari¬ 
ables, hence these have not been 
included in the table. These children, 
it must be remembered, were all in 
good health and none of the hemo¬ 
globin Hcorc,s were below the standard 
commonly accepted as normal. Dif¬ 
ferences associated with sex and occu- 
]mtional class arc few, and will be 
discussed in connection with the traits 
in which they occur. Size of family 
and birth-order appear to be unrelated 
to the other factors considered in 
this study. 

niYBlCAL ACTIVITY® 

Method. The method ii.sed in this 
investigation Ima boeii explained in the 

" The ol)Ht!rvationH an ])hyHicfU nclivity 
were made by Mifls Goiicvkvc Hobjirt jiiitl 
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orcgoing section. Two graduate atu- 
lents made the observations, using the 
; olio wing categories. 

0. No obaorvablo activity 

1. Hand and arm movemcntfl only 

a. Active 

b. Strenuous 

2. Hand, arm, and trunk movomcnts only 

a. ActivQ 

b, Sfcrenuoua 

3. Leg and trunk movementB only 

a. Active 

b. Strenuoua 

4. Movements of tlio whole body 

a. Active 

b. Strenuous 

'^Strenuous^' activity included rapid 
movements, or movements in which 
considerable energy was utilized such 
aa sliding, rapid running, climbing 
stairs or ladders, lifting heavy objects, 
supporting the body by the handa, 
crawling and hanging stunts, and the 
like. Less energetic movements were 
called ''active.At the end of each 
fiftcon'second period during the minute 
of observation, tlie observer recorded 
the child's behavior during that time 
by writing the appropriate number and 
letter in the columns provided for 
that purpose. 

ReUahility. The average inber-cor- 
relation between the two observers 
was .76 and this became .86 when it 
was corrected by the Speaiman-Brown 
formula. Since one student observed 
almost entirely between the hours of 
9:30 and 10:30 in the morning, while 
the other nearly always made her 
observations between 2:30 and 4:00 
in the afternoon, this figure is probably 


Mrs. Jean Hclgcfloii. Mr, Koberb Challman 
is rospoii Bible for the eta bis Li cal work and 
for writing tiiia section of tho paper. 


somewhat lower than would have been 
found if the hour of observation had 
been uniform. The reliability with age 
held constant was ,85. Tho standard 
deviation of tlie distribution svas .20. 

Relationship between physical activity 
and other factors. Insofar as the 
methods employed have yielded valid 
measures of the forms of behavior 
under consideration, physical activity 
seems to be but slightly related to 
other characteristics of the children 
in this group. None of the correlation 
coefficients were as much as four times 
their probable error; the greater num¬ 
ber wore less than twice their probable 
error. The highest relationship found 
was a negative correlation of —.37 
dh.lO with compliance. This drops to 
—.31 when ago is held constant. 
While this finding needs to be con¬ 
firmed by study of a larger number of 
cases, it is quite in line with the com¬ 
mon observation that children who are 
moat active physically are likely to be 
somewhat less docile than those who 
are more quiet. One might hazard 
the assumption that such a relation¬ 
ship, if it exists, is largely the result 
of the fact that tho more active chil¬ 
dren arc more often engaged in some 
definite occupation of thoir own, and 
on this account are logs ready to 
comply with the requests and BUgges- 
tiona of others than chiklien who arc 
more frequently unoccupied. Other 
correlations with physical activity 
which may possibly be suggestive arc 
as follows; with sociality, +.31; lead¬ 
ership, + .29; extroversion, +.28; at¬ 
tractiveness of personality as Judged 
by adults, +.24; likelihood of becom¬ 
ing a behavior problem (Olson scale), 
+.21; frequency of laughter, -h.2a. 
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Although these corrclationa are low, 
they are in the expected direction. 


TABLE2 

Effect oj s£x Upon physical aclivily 


BEX 

N 

M 

tf 

D 

DAd 

Doyfl.. 

17 

3.12 

.26 

.24 

3.00 

GirlB. 

1C 

2.68 

,10 






When age is held constsmt, the cone- 
IfttioiiB between activity and intel¬ 
ligence as meaauTcd either by the Min- 


boyfl are more active than girls is, 
however, found in this study. The 
boys* mean for physical activity was 
3.12, the girls' mean was 2.88. This 
is a significant difference as table 
2 shows. 

There is also a differential effect of 
age upon physical activity when sex 
groups are used. BisTCgavcling sex, 
the correlation between C.A. and 
physical activity is + .29 but when the 
sexes are separated into age groups it ie 
found that the mean physical activity 


TABLE a 

Ejfecl of 8CZ and ape upoji physical activity: Age differences between hoys^ and age differences 
between girU in physical activity 



A( 3 E 



BBX 

^ 27-46 iDDnlbs 

45-61 iriDntba 

n 

D/ad 


N 

M 

tr 

N 

M 

cr 



Doyfl.. 

n 

2.08 

.34 

10 

3.22 

.11 

.24 

1.0 

Gills. 

Hi 

2.87 

,17 

7 


.21 

.03 1 

.31 


TABLE 4 

Effect of seP and age upon physical activity: Differences in physical activity between boys and 

girls of the same age 



BKX 

N 

M 

a 

BEX 

N 

51 

ff 

D 

P/.cl 

mon/As 

27-45 

Boys 

7 

2.08 

.34 

Girla 

0 

2.87 

,17 

.11 

.78 

45-57 

Boya 

10 

3.22 

.11 

Girla 

7 

2.00 

.21 

.32 

3.50 


nesota or the Mcrrill-Palnier tests, 
length of attendance at the nursery’ 
school, beauty as rated by twelve 
judges, height, weight, size of family, 
position among siblings, social status 
as indicated by occupation of father, 
and ft physician^s rating on general 
health arc nil lower than their prob¬ 
able errovB. 

Support for the coinnion belief that 


score (3.22) for the older boys (45-57 
months) is considerably greater than 
the mean (2.98) for the younger boys 
(27-45 months). Although this dif¬ 
ference is only 1,8 the standard error 
of the difference, it is much larger than 
the difference bebw^cen the girls’ groups 
of similar age which is only .03. Also 
the difference in activity bct^Ycen the 
younger boys and girls is com para- 
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tivcly alightj but for the older boys 
and girls it is very well jnarked, the 
difference being 3,S6 times the stand¬ 
ard error of the difference. Therefore 
it would seem probable that young 
boys ore only slightly more active 
than girls of the same age, but that 
they increase in physical activity 
markedly as they grow older, while 
girls start on a lower level of activity 
and do not become more active as 
their age increases. The results are 
shown in tabular form in tables 3 and 4. 

talkativeness’ 

Method, In the outset of the study 
it was hoped that a qualitative as well 
as a quantitative measure of the chil¬ 
dren's conversation could be secured. 
It was found, however, that a one- 
minute sample did not insure enough 
acquaintance with the general setting 
to make this practicable. Moreover, 
so much of the conversation of the 
younger children was difficult to under¬ 
stand unless the observer stood so 
close as to run the risk of interfering 
with the nui'sery-school activities, that 
it was deemed better to abandon the 
qualitative aspect of the study entirely 
and to confine attention to the amount 
of verbal activity without regard to 
its nature or quality. 

Five levels of verbal bahavior or its 
equivalent were distinguished. Each 
of these levels was then further divided 
according to whether the speech or 
speech-substitute was initiated by the 
child himself or occurred in response 
to overt stimulation from a teacher or 
playmate, The resultant categories 
were as follows: 

This section of tlic report was done by 
Iluby Glockler nnd Eunice Matheson, 


1. 0,—Failure to respond to a defi¬ 
nite verbal stimulus, as to a question 
or request. 

2. Oi—Silence when no stimulus 
was given, i.e,, no attempt to initiate 
conveiantion. 

3. Bp—Bodily response without 
verbal accompaniment when a definite 
stimulus is given, aa a nod or shako 
of the head in answcii’ to a question, 
approaching other person in response 
to request, etc. 

4. —Spontaneous initiation of 
motion or gesture which dearly is 
intended as a substitute for the spoken 
word, aa beckoning with hand, etc. 

5. Vr—Incomprehensible vocaliKa- 

tion or babbling in response to stimu¬ 
lation, as when a child utters an im- 
verbalized of objection when 

another child threatens to encroach 
upon his place at the sand-pilo. 

6. V|—Unverbalised sounds initi¬ 
ated by the child without apparent 
stimulus. 

7. Sr—Single-word responses, in¬ 
cluding sliort phrases which Jiro ordi¬ 
narily learned as units, such as ‘‘yes,'' 
''all right," "good morning," etc, 

8. Si—Single-word remarka initiated 
by the child. 

0, Mt—Ilcsponsos involving more 
than one wo^d. This includes both 
phrases and acntonccs, cither long or 
short, also repetitious of single words 
when joined in a continuous .series, a& 
"No, no, no." 

10. Ml—^Initiation of conversation 
by the child when groups of more than 
one word arc used, 

Reliahilily of scores. The correla¬ 
tion between tlic score of the two ob¬ 
servers was +.42 which bocovnos + ,50 
for the combined series according to 
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tile Speiirman-Bro^vn fonnuJa. The 
low reliability is probably a function of 
the (lilTcrciit hours used for observa¬ 
tion. The records of Observer G were 
taken entirely during the lunch hourj 
those of M during the morning free- 
play hour. DiRerences in reaction 
toward food, in the composition of the 
groups at the various tables,® tind simi¬ 
lar factors undoubtedly play some part 
in determining the nmount of conversa¬ 
tion during lunch. On the other hand, 
the lunch hour affords the advantages 
of a rolabivcly fixed situation in which 
the children arc brought face to face 
with each other in a way which pos¬ 
sibly facilitates conversation to a 
greater extent than do the more vari¬ 
able situations of the free-play hour. 
It is diiflicult to say which of the two 
circumBtnnces affords a better oppor¬ 
tunity for securing a valid measure¬ 
ment of talkativcnesa in general, but 
the following crude teat is at least 
suggestive. 

Two of the items (Nos. 2 and 18) 
on the Mars ton scab for introversion- 
extroversion deal directly with the 
matter of talkativeness. Theso items 
arc deaorihed as in the tabulation 
below. 


indicati no 

EXTILOVQTISION 

INDICATING 

iNTIlOYBIiaiON 

Item ^ 

Eager to oxprosB 
himself boforo n 
group. Likes to be 
he aid. 

Avoids talking be¬ 
fore ft group. When 
obliged to talk be¬ 
fore a group Andfl it 
difficult. 


“ Lunc-h ia Hcrved fit amttll tjiblcH with fi 
teacher in cliargo nf on oh. From three to 
five dfildron nit at cadi lahlo. 


ikdicatjko 

EXTUOVliSnBlON 

INDIOATINQ 

iNTIlOVKrSlON 

Item 18 

Frank, talkativo 

Secretive, acclu- 

and aociabic, doca 

aive, nnd ''shut 

not stand on core- 

not inclined to tallc 

mony. 

unices spoken to. 


The reliability of the summed rai^ 
Ings on these two items given by 10 
observers not including G and M was 
found to be +.85. When G*s obser¬ 
vational scores alone were compared 
with the sum of the i-atings of the 10 
judges on the two items the correlation 
was found to bo +.71; while M's obser¬ 
vations correlated with the summed 
ratings only to the extent of +.36. 
Since none of these 10 judges had used 
the luncheon hour for making their 
observations of the children, and all 
except 2 had observed at the same 
hour ns had M, the higher correlation 
of their ratings with G's scores sug¬ 
gests that the constant situation dur¬ 
ing the luiich-houv, with the general 
stiinulua to conversation afforded by 
the face to face position, more than 
makes up for any poasiblc variant 
factors such as appetite. An attempt 
was made to estimate the effect of 
appetite upon talkativeness at the 
table by comparing G's scores with 
ratings on apparent appetite which 
were given by the teachers in charge 
of the tables. While only small differ¬ 
ences were found, these tended to 
follow the pattern which might be ex¬ 
pected, in that the children with 'Aver¬ 
age" appetites were somewhat more 
talkative than either those whose appe¬ 
tites seemed to be unusually keen, or 
those whose appetites were Bmiill or 
who sometimes refused food. 
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Relaiionshij) of talkativeness to other 
/rtciors. In spite of the low reliability 
of the talkativeness seores, their rela¬ 
tionship to other factors considered in 
this study is higher than was found 
for physical activity. The highest cor¬ 
relations are with leadei*ahip, where 
r — +,61 (age constant; +i55), with 
extroversion, v = +.60 (age constant, 
+ .62), and with sociality, t — +.59 
(age constant +.53). With number 
of days^ attendance at the nursery- 
school there ia a suggestion of a curvi¬ 
linear rejabionghip — +.65; 

+.44; when corrected for small 
number of cases and consequent coarse 
grouping. Inspection of the regression 


would coincide with the period of most 
rapid development in language ability. 
Moreover, as the child be comes better 
adjusted to tho mirscvy-school situa¬ 
tion, and more thoroughly acquainted 
with his playmates he is likely to carry 
on more conversation with them than 
while they were comparative strangers. 
That the factor of acquaintance is more 
important than that of age is suggested 
by the fact that little or no coric- 
sponding curvilinearity is observed in 
the regreasion of talkativeness on age, 
while the correlation between age and 
tallmtivencss is only +,36. Correla¬ 
tions between talkativeness and mental 
age are somewhat higlicr: +.49 for 


TAllLli B 

Oifferences in talkativeness between children of different occupational classes^ 



N 

MDAN 

8CQIIU 



odid 

DllT/ad 

1, ChisaGs l-II... 

11 

3.12 

wim 

(1-2) 0.14 
(2-3) 0.09 
(1-3) 0.22 


2 .aa 

2. Glass III..... 

12 

2.08 

Kin 

O.ID 

BSBh 

3. ClnssBa IV-V. 

10 

2.fl0 

mi 


2.20 


lines .suggests that increased length of 
nursery-school attendance makes for 
increased talkativeness in the nursery- 
school situation during the first few 
months, bub that thereafter little 
further change taices place. It la prob¬ 
able that this ia the result of two fac- 
toi's, age and acquaintanceship. Since 
most of the children enter the nursery- 
school at about the age of two years, 
the first few inonbha of attendance 

^ ClasacB I to II include the profesaional, 
gembprofCasional and mnnagftrial groups; 
Cl nag nr, clerical, fikillcd tradca and retail 
busineaa groups, Claase.s IV to Y, acmi- 
flkiiled, and slightly skillod groupa. Group 
VI, which ia made up of day-lahorora was 
nob reprcRcnUd in tUo nuraery-schgol at the 
time this study was made. See Good- 
eiHHigli (2). 


the Minnesota test and +46 for the 
Morrill-Palmer. With LQ. oji the 
Minnesota teatj the correlation is +32; 
with I.Q. on the Mcnill-PalmDi^ +,35. 
With height, the correlation is +.49 
(+.39 with Age constant), with weight, 
+ .29 (age constant, +-11). Talka¬ 
tiveness and beauty correlate to tlie 
extent of +.42 (age cons taut, +.46); 
talkativeness and laughter, +.38 (age 
constant +.27); talkativeness and at¬ 
tractiveness of personality, +.38 (age 
constant +.48). There is a negative 
correlation of —.40 when age is held 
constant between talkabivcucsB and 
probability of becoming a behavior 
problem according to the combined 
ratings oti the Olson scale. 

No sex (lilTei’encefi in talkativeness 
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are apparent for this group. Dififer- 
cncGs between eocial classes as indi¬ 
cated by paternal occupation are, how¬ 
ever, fairly weJl defined, as shown 
in table 5. 

There ia a progressive decreasG in the 
talkativeness scores aa we go down the 
scale of occupational classes. Only 20 
per cei\t of the children in GIusbcb IV 
to V equal or exceed the median child 
in Classes I to II in talkativeness. 
Within this group, talkativcncaa ap¬ 
pears to bear no significant relation¬ 
ship to size of family, position of child 
among sihliuga, or bo health aa indi¬ 
cated either by the hemoglobin test or 
by the physician^a ratings. 

compliance'® 

Method, The problem of develop¬ 
ing obiective catogoriea for olassifying 
behavior with regard to compliance or 
non-complinnee proved to be an ex¬ 
ceedingly dfficult one, Several pre¬ 
liminary flcnlea were tried out for ob- 
iectivity before one was devised which 
would meet the Tcquircment of at 
least 95 per cent agreement among 
simul taneoiis observera. Although 
the final scale showed 97 per cent 
agreement for 38 cases with from two 
to four observers for each, other difli- 
cultica arose ns will be shown later, 

The dc.scriptivc categories na finally 
agreed upon were ng follows: 

1, 0—No Bti'mulu3, he., no request 
or suggestion made to child during 
period. 

2 . Ai—Accepts without hesitation 
or resistance. 

This portion of the Btndy wan mado by 
Jones, UnTbara Marx, Ilobcrt 
Cballitmiip and Ilelcii Sundberg. 


3. Aa—Accepts after brief hesitation 
and without urging. 

4. Aa—Accepts after urging or re¬ 
minding, Off era no overt resistance. 

5. hi —^Accepts after having previ¬ 
ously refused, (Verbal resistance.) 

6 . Ab—A ccepts after bodily re¬ 
sistance. 

7 . Aft—Accepts after both verbal 
and bodily resistance. 

8 . Ri—Does not accept. Hesitates, 
delays or ignorea auggeation. 

9. Ha—^Verbal or vocal resistance. 
Doefl not accept. 

10 . —^Bodily resistance. Does 
not accept. 

11 . II 4 —Both vocal and bodily re- 
siatance. Does not accept. 

Scores were combined by the method 
previously described, except that only 
those cases were used in which there 
occurred a stimulus to compliance, in 
the form of a verbal request or sugges¬ 
tion. Since such stimuli were found 
to occur in only 10,4 per cent of the 
observational periods, approximately 
00 per cent of the observers' time was 
wasted, so far as getting usable dnta 
for this study ia concerned. It thus 
came about that although there were 
four observers for this part of the 
study, the combined number of usable 
records obtained by them was only 
one-fifbh na great as in the studies 
having only two observers, but in 
which all the records were significant. 
A second point of difficulty had to do 
with arranging the categories in rank- 
order from most compliant to least 
compliant. Obviously, in order to 
secure an adequate measure of com¬ 
pliant or non-compliant behavior in 
auy individual instance a quantitative 
knowledge of the following factors, and 
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possibly others as well, should be 
available: ( 1 ) attraobivenesa of the 
request or euggeation for the child 
( 2 ) amount of pressure brought to 
bear in order to secure compliance. 
In the absence of such information, a 
tentative order of arrangement based 
upon the combined estimates of the 
entire group of observers was agreed 
upon as follows: Ai, Aa, Bi, Aa, A^, 
R^, Ab, Ba, Ad, R 4 . Data to verify the 
correctness of this arrangement are 
wanting. 

The following summary shows the 
relative frequency of the various levels 
of compliance or non-compliance for 
this group of cases. 


Pcrcentaye 0 / time compliance was ahown 
wiihin one minute 

Without hesitation or rcsiatancD.. 42.2 
After brief heflitation without 

urging. 11.3 

After urging or reminding without 

resistance. 4.6 

After having previouflly jcfuscd,,, 1.6 

After bodily resistance. 1.6 

After bodily and verbal reBistance- 0.6 
Total compliance within one 
minute... 03.2 

PercentaQo of non-compliance 

riesLtatea, delays or ignores. 16.0 

Verbal or voenl jesistancG,.. 12,4 

Bodily rcsistancG... 4,0 

Both vocal and bodily resistance.. 6.0 
Total non-cDUiplianCD. 37,8 

Percentage of time bodily resislance toas 
shown 

Bodily resistance. 0,4 

Bodily resistance accompanied by 

verbal resistance.-. - 5.5 

Total bodily rcsiataucc. 11.9 


From those babies it can bo seen that 
immediate compliance occurs in 4 out 
of 10 requests, and thafc iu roughly 60 
per cent of the cases, the nursery-school 


children comply with requests within 
one minute. These lequeatB are not 
only from tho teacher b, however, but 
also from the other children, a fact 
that might lead one to expect even a 
higher percentage, if suggestions were 
proffered by adults only. It can be 
Been also that these children offer some 
degree of bodily resistance in a little 
better than 10 per cent of all instaucea. 

Reliability of scores. The average 
mtercoiTclation between the 4 ob- 
eerverawas +.18, which becomes +.47 
when corrected by the Spctirman- 
Brown formula, The low reliability 
may fairly be attributed to the small 
number of effective obaervationa,rather 
than to greater inaccuracy in classifica¬ 
tion or to greater inconaistency in the 
children's behavior than was present 
for the other traits sbudied. Had a 
request or suggestion been made to 
each cliild in each observational period 
BO that all the observations could have 
been used, the expected reliability 
according to the prophecy formula 
would have been +.90 for 4 observers 
or +.82 for 2 observers. It ia evident 
that the ordinary nursery-seboo] rou¬ 
tine does not provide adequate oppor¬ 
tunity for the observation of behavior 
of this kind except at the cost of a 
considerable expenditure of time. 
Possibly a formal laboratory test 
might serve the purpose better, al¬ 
though it should be noted that in the 
study carried out by Reynolds (G) in 
which the test-method was employed 
the obtained reliability was only + .46. 

Relationship of coinpliancc to other 
factors. All the intcrcorrelations are 
so low that little reliance can be placed 
upon them. If wc should adopt the 
very lenient viewpoint that correla- 
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tions between .2 and .4, whicli, with 
the minibor of eases involved, racana 
roughly from two to four times the 
probable error may possibly suggest 
trends, we find some indication of a 
small positive relationship between 
compliance and the following traits; 
sociality, Icadciahip, and beauty; and 
of a small negative relationship with 
laughter, physical activity, talkative¬ 
ness, extroversion, chronological age, 
mental age on both the Minnesota and 
the Mcrrill-Pnlmer testa, and length 
of nursery-school attendance, 

LATJGIlTEn^ 

MctkoiL The general procedure waa 
the samo as that outlined under the 
foregoing studies. There were 3 ob¬ 
servers, 2 of whom made their obser¬ 
vations during the free-play hour in 
the morning while those of the third 
were divided between the afternoon 
frcc-plciy hour and the morning hour 
devoted to stories and rhyfclims- 
Eight descriptive categories were used 
for recording the behavior, but because 
of the very small number of freqiienciea 
fa Mi Jig under the firab three heads, 
these were later combined in the 
fttatiatical treatment. The categories 
with their definitions follow; 

C—Crying. Audible crying accom¬ 
panied by tcara. 

W—Whimpering. A low broken 
winning, not accompanied by tears. 

P—Pouting or frowning. A pro¬ 
trusion of the lips in ill-humor; a knit¬ 
ting of the brow in displeasure. 

So—Sober, A calm unemotional 
expression, whether talking or not. 

Tlie BLudy of li\ughtor was made by 
Joaopliino Congor, Cornelia Taylor and 
lUiby Friurid. 


Sm—Smiling- A pleased or amused 
expression, characterized by a lateral 
upward extension of the lips, 

Li—Brief laughter. Not more than 
two spasmodic expulsions of breath 
with jerky sounds accompanied by 
movement of the facial muscles. 

La—Prolonged laughter. More 
than two spasmodic expulsions of 
breath as above described. 

L 3 —Shouting laughter. Loud and 
boisterous laughter. 

Reliability of scores. The correlation 
between the scores of the 2 obseovers 
who made their records at the same 
hour of the day was +.77; while the 
correlations between their scores and 
those of the third observer were +.61, 
and +.47 respectively. Again, the 
differential effect of a change in the 
situation upon the behavior of indi¬ 
vidual children is evidenced. The 
average intercorrelabioii for the 3 
observers is + .61, which becomes + .83 
when corrected by the Spearman- 
Brown prophecy formula. 

Relationship of laughter to other /ac- 
iora, Perhaps the most interesting 
result obtained from a study of the 
table of inter correlations with fre¬ 
quency of laughter is to be found hi a 
group of curvilinear relationships 
which, taken collectively, afford some 
evidence that the optimum position 
with respect to laughter lies at about 
the mid-point of the distribution rather 
than Qb either extreme. These may he 
summarized as follows: Tlie children 
who laugh an average amount tend 
to exceed those whose laughter is either 
excessive or deficLcnb (in comparison 
with the remainder of the group) in 
sociality {lUv = +.34, = .52); 

they arc somewhat less likely to be 
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regarded as behavior problems, = 
.43| — .57); and arc slightly more 

compliant to the wishes of others, 

= -36, ■fji/a- — -27). All these 
correlations have been corrected for 
coarse grouping due to the small num- 
her of cases. Little or no tendency 
toward curvilinearity is, however, ap¬ 
parent in the correlation between 
laughter and leadership, where r = 
+ .53, age constant, +.33; or with 
talkativeness, r — +.38; age couBtant, 
+ .27; beauty, +.34, age constant, 40; 
attractivencaa of personality, r = 
+ .35, age constant, +.48; cKtrovei^ 
eion, ?’ = +.38, age constant, +40; 
chronological age, r - +.45; and 
length of nursery-school attendance, 
r = +.48, age constant, +.26. With 
age constant, the correlations between 
laughter and intelligence as measured 
either by the Minnesota or the Mcr- 
rill-Palmer test, between laughter and 
height, weight, and health ratings were 
all less than twice the probable error. 
Likewise, no sex differences and no 
differences associated either with size 
of family, position among siblings or 
paternal occupation were apparent 
in this group. 

SOCIAL TRAlTS^^ 

Method. The observers for this 
study endeavored to distinguish be¬ 
tween and to make separate records of 
two aspects of social behavior, a quan¬ 
titative aspect which may be labelled 
^'social participation,and a qualita¬ 
tive aspect denoting various levels of 
leadership. The lesults, however, 
show such a high degree of correlation 

Bertha B. Hayes and Jean Wilcox were 
t]iD obflorvcrfl in this study and arc authors 
of this section. 


between the two series of scores as to 
render it evident that either social 
participation and leadership are funda¬ 
mentally similar, or that the descrip¬ 
tive categories have failed to make 
adequate distinction between them. 
It is believed that the second hypoth¬ 
esis is at least partially true, and 
furthermore that the fault lies with the 
definitions used for the so-called ^^lead¬ 
ership" series rather than with those 
used for social participation. If this 
is cariH3Cfc, the findings for social par¬ 
ticipation are the more significant. 
However, the results from both series 
will be reported. 

The categories used, with their 
definitions, arc ns follows; 

I. For social participation: 

A. Solitary unoccupied. A 

child who is not in close 
proximity with any 
group and is not in con¬ 
versation with any other 
child. Doing nothing. 

B. Solitary occupied. A child 

who playa by himself. 
There is no conversa¬ 
tion with other children, 
and he pays no atten¬ 
tion to other children. 

C. Parallel activity, Tliis is 

the Biinple,st type of 
group formation. Each 
child is in close 
proximity witli other 
members of group, and 
all are engaged in the 
same or similar occupa¬ 
tions, ivifcli or witliout 
an occasional observa¬ 
tion from oJie jnember of 
the group to another 
but there is no con.scrva- 
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tloa between members 
of the group. Each in¬ 
dividual child's activity 
ia aTinit. 

D. Simple codperative activ¬ 

ity. The members of the 
group are engaged in the 
same or allied occupa¬ 
tions and there is con¬ 
versation between mem¬ 
bers of the group. Each 
child^s activity may be 
modified by others in 
the group through ob¬ 
servation and imitation, 
and yet each child's ac¬ 
tivity is n unit, There 
may be taking of turns. 

E. Organized cooperative ac¬ 

tivity, There is an aa- 
signment and differenti¬ 
ation of parts among 
members of the group. 
Each child contributes 
Ilia or her part to the ac¬ 
tivity of the group, and 
here the group rather 
than the individual child 
is the unit, 

II, For leadership: 

1. Interfered with. The child 

who IB or IB not engaged 
in some activity has been 
interfered with by one or 
more children. 

2. Intorferor. The child who 

initiates an interference 
with a single child or with 
a group of children. 
Tins is not classed as an 
occupation in itself. 

3. Rebel. The child is rebel¬ 

ling against tho interfer¬ 
ence or coercion of one or 


more children but does 
not initiate tho interfer¬ 
ence or coercion himself. 

4. Observer. A child whose 
interest ia in the group as 
shown objectively by ob¬ 
servation and who ia in 
close proximity with, the 
group but is not a par¬ 
ticipant. 

6. Participant. One who ia 
participating actively 
with the group, or who 
ia a follower or imitator 
in the group activity. 

6. Unsuccessful leader, A 

child who is opposed in 
an attempted coercion by 
one or more members of 
the group. 

7. Successful leader through 

force or trickery. A 
child who dominates 
other children of the 
group against their will. 

8. Successful leader through 

persuasion or personality. 
The child who ia being 
imitated in his activity 
or who ia able to persuade 
other children to follow 
him or to control their 
activities. 

Eeliahility of the scores. For both 
sociality and leadership the correlation 
between the acorea of the 2 observers 
was +*61, which becomes +.76 when 
corrected by the Spearman-Brown 
formula. The correlation between the 
combined scores of the 2 observers on 
sociality and leadership is +.98; with 
age constant, +.06. The fact that 
the correlation between the two sup¬ 
posedly dissimilar traits ia so much 
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higher than the reliability of either can 
liardly be explained on any other basis 
than that the 2 series of records really 
measured the same thing to a very 
great extent. Since both records were 
made on the same occasions, the day- 
to-day fluctuations of behavior which 
have operated to lower the reliability 
coefficients would not appreciably af¬ 
fect the correlations between the two 
traits, 

Rdatiomhip between social traits and 
other factor's. Correlations with the 
other observational scores have already 
been mentioned, When age is held 
constant, the correlation between soci¬ 
ality and extroversion ig +.60; be¬ 
tween leadership and extroversion is 
+.S9, Correlations with chronologi¬ 
cal age arc + .74 for sociality and +.71 
for leadership. Attractiveness of per¬ 
sonality correlates with sociality to the 
extent of +.34 and with leadership, 
+.43, when age ia held constant, The 
corresponding figures for height are 
+.31 with sociality and +,29 with 
leadership; with the Olaon behavior 
problem scale, —.18 for sociality and 
— ,32 for leadership. The correlations 
with weight, I.Q. on each of the two 
testa used, nuraery-school attendance, 
and health ratings are all less than 
twice their probable errors. No reli¬ 
able differences associated with sex, 
occupational class, size of family or 
position among siblings were 
established. 

BATINGS SCALES AND INTELLIGENCE 
TESTS 

Discussion of results 

Ratings scales. The 4 series of rat¬ 
ings were described briefly in the intro¬ 


ductory section. The reliability of the 
combined ratings of the 12 judgesfor 
each scale was computed by correlating 
the summed ratings of one-half of the 
group against those of the other half 
and correcting by the Spearman- 
Brown formula. The reliability coeffi¬ 
cients obtained in this way wore as 
follows; for the Marston introveraiou- 
extroveraon scale, +.98; for the Olson 
scale for the prediction of behavior 
problems, +.04; for the ratings on at¬ 
tractiveness of personality, +.95; and 
for the beauty rankings, +.91. The 
average intercorrelations of the various 
judges on the separate traits is in the 
neighborhood of +,60. 

Tho reliability of the combined rat¬ 
ings is very high for all four traits. 
This is due to the large number of 
judges, and to the amount of time 
spent by each in observing the children 
immediately preceding the time of 
making the ratings. It should also 
be noted that all except one or two of 
the judges had had extensive acquaint¬ 
ance with young children previous to 
the time of making this study and that 
several of them were acting aa part- 
time assistants in the nursery-school 
or were using the children as subjects 
in their own thesis problems. It is 
probable, moreover, that the method 
of taking the observational samples 
has in some measure contributed to 
accuracy of ratings, in that it insures 
fln equal division of time among all the 
children observed, rather than too 
great a concentration of attention upon 
a few outstanding cases. 

Inter-carrelationa between these rat- 

Thirteen students participated in riiftk- 
ing the obflorvftbiona, b\U only 12 were 
present when the ratings were nmde. 
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inga arc in geiieial not higli. On a 
priori grounds one might expect that 
many judges would fail to discriminate 
between beauty and attractiveness of 
personality, but as the correlation be- 
twccii the two aeries is only +.08, this 
seems nob to have been the case. 
Beauty correlated with extroversion to 
the extent of +.36 and has a negative 
correlation of —.58 with likelihood of 
becoming a behavior problem accord¬ 
ing to the Olson scale, when age is held 
constant. With the Minnesota I.Q. 
the correlation is +.29; with the Mer- 
rill-Palmcr I.Q. the correlation is +.43, 
Other correlations with beauty arc 
negligible. AbbractiveneBS of person¬ 
ality shows a positive correlation (age 
constant), of +.42 with extroversion 
and a negative correlation of —.80 
with the Olson ratings. Negative cor¬ 
relations of —.32 and —.28 are also 
found between the Olson scores and 
IQ.^s on the Minnesota and Merrill- 
Palmcr teats. 

Of the two intelligence tests, the 
Minnesota shows a correlation of .78 
and the Merrill-Palmer of +.85 be¬ 
tween mental and chronological ages. 
The Minnesota I.Q.^s have a zero cor¬ 
relation with chronological ago; the 
Merrill-Palmer a small positive corre¬ 
lation (+.24). The correlation be¬ 
tween the two scrie.s' of mental agea is 
+ .90; between the I.Q.'s the correla¬ 
tion is + .67. The correlation between 
length of nursery-school attendance 
and Minnesota I.Q. is +.30; between 
length of nursery-school attendance 
and Merrill-Palmer I.Q., +.46. 

DiaCUHSION OF IIKSULTS 

The method of short samples has 
shown itself to bo a useful means of 


studying the spontaneous behavior of 
young children in the nurseI’y-school. 
With continued use of the method, a 
number of problems have, however, 
arisen for the solution of which further 
evidence is needed. It is apparent 
from the data presented in these 
studies that in order to secure maxi¬ 
mum reliability in the usual statistical 
sense of the term, observations should 
always be taken at approximately the 
same time of day and under similar 
conditions. Is there a likelihood that 
this increased reliability may be gained 
at the expense of a loss in validity; i.c., 
in the amount of confidence which may 
be placed in the obtained scores qs an 
index bo the child^s most typical bc- 
habior with regard to the trait in ques¬ 
tion? The foregoing studies have 
shown rather clearly that a change of 
situation does not affect all children 
in a precisely similar manner. On a pri¬ 
ori grounds, therefore, it appears that 
a truly valid^measure of behavior must 
be based upon observations taken under 
such a diversity of circumstances ns 
bo constitute a representative sampling 
of the child's daily life. Since in prac¬ 
tice this is rarely feasible, the problem 
resolves itself into a question of deter¬ 
mining how many and what kinds of 
situations should be sampled in order 
to secure, within a given total amount 
of time, the most adequate picture of 
the child's habitual reactions. Unless 
the observational time is unlimited, 
the question cannot be answered by 
an equi-proportional division of the 
child's daily program, since some situa¬ 
tions may provide so few opportunities 
for the display of a given form of 
behavior that the greater part of the 
observer's time is wasted. The study 
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of compliance is an illuatmtioii of the 
losa jji reliability resuUing from infre¬ 
quent environmental stinmiation for 
the display of the trait. It is probable 
that this factor is largely responsible 
for the auperiority of the lunch-hour 
over the free-play-hour for the obser¬ 
vation of talkativeness. In general it 
seems to be true that, all other things 
being equal, the situations which tend 
to call forth the maximum display of a 
given form of behavior for the majority 
of the aubjeefca may be regarded as 
optimum for securing a reliable aeries 
of observations on such behavior. 
While our data do not permit ivide 
generalization, the fact that talkative¬ 
ness scores for the hinoh-hour were 
found to correlate more highly with the 
subjective estimates of 10 independent 
judges than did scores made during the 
free-phiy hour, in spite of the fact 
that none of the judges had made 
systematic observations of the children 
during the lunch-hour is significant. 
It suggests that the use of a single type 
of situation for the observation of 
behavior may not affect the validity 
of the observational scores to as great 
an extent ns might be supposed, pro¬ 


vided that the situation be wisely 
selocted. 

A second question of practical im¬ 
port has to do with the optimum 
length of the single observational 
sample. Given a certain total amount 
of time to spend in observation, how 
may that time most effectively bo 
divided? Here also it seems probable 
that the answer will differ according to 
the trait to bo observed. For certain 
very overt and simple modes of be¬ 
havior, such as physical activity, si 
glance is sufficient to ascertain what is 
occurring at any given instant. In 
these cases our experience lins led us to 
believe that a shorter tunc-aample— 
possibly oven as ehorfc as fifteen seconds 
—may perhaps yield more reliable data 
than .can be secured by dividing the 
time into fewer and longer periods. 
For more complex forma of behavior 
such as leadership, a longer peiiocl is 
required in order to classify a single 
event with accuracy. A special study 
on the optimum length of the time- 
sample for various characteristic as¬ 
pects of behavior is planned for the 
near future. 
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The Mental Organization of the Newborn 

Paul IIanly PuhfeYj Martha Anne Bonham, and Mae Katheyn Sargent^ 


G iiaiii-L (1) hna ahowa that 
something analogous to "gen¬ 
eral intelligence" exists in 
young iiifnnls. The child who ia re¬ 
tarded lit the age of six months will 
proh/ibly be proportionately retarded 
at one year. Linfert and Tlierholzer 
(2) have demonstrated the possibility 
of constructing a atatiatioally valid 
scale for measuring mental develop¬ 
ment in the first year. They showed 
that even at one month there is a gen¬ 
eral factor underlying the child's re¬ 
sponses—a factor apparently similar 
to the ^'general intelligenco" of the 
educational psychologist. 

The present authors wero interested 
in determining when this general factor 
makes its nppetarance. Is it present at 
birth or is it acquired during the 
rapid growtli which characterizes the 
first postnatal month? To answer 
this question a scale of tests was de¬ 
vised and administered to 66 infants 
in tho jufttoniit}" ward of Providonce 
Hospital, Waaliington, D, C. Four 
of those infants were excluded from 
the liuul study on account of incom¬ 
plete data, The remaining G2 subjects 
rangcul in age from Ifi minutes to 343 
hours with a mean age of 91,73 hours, 
The final scale consisted of 17 items; 

U*. II. V. Wiift ronimiiBihln for nlfinning 
UiiN iiivoaLi^'aLioii a ml for iht) wLjUmUojiI 
anftly.His. M. A. 11 iind \L K, dul the 
ncLual 


namely, plantar reflex, right and left, 
leg withdrawal reflex, right and left, 
hand and foot, reaction to light, con¬ 
vergence of eyes, following moving 
object with eyes, sucking reflex when 
a nipple was presented, and reaction to 

TABLE 1 


Reliabilities of tests for infant reflexes 




1 

a 

1 

Plantar—left. 

.731 

2 

Plantar—right. 

.681 

3 

Withdrawal of leg—loft, 

,G53 

4 

Withdrawal of leg—right. 

.733 

5 

Grasping—left foot,. 

.002 

6 

Grasping—right foot. 

.006 

7 

Patellar—left. 

.668 

8 

Patellar—right. 

.739 

9 

Grasping—left hand. . 

.749 

10 

Grasping—right hand. 

.857 

111 

EyCiS close at light. 

.668 

12 

Eyes converge. 

.784 

13 

Eye.a follow moving object. 

.045 

14 

Lip reflex. 

.001 

15 

ReactH to bell. 

,879 

Ifl 

Hcncta to clang. 

.790 

17 

Reacts to whistle. 

850 

Mean. ... . 

.781 





bell, clang, and whistle, The authors 
were interested in the quantitative 
measurement of those reflexes rather 
than ill their qualitative dc.scriptions. 
It was not the pur]:) 0 SG of the present 
investigation, for example, to consider 
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whftthcT the inftint'a plantar reflex 
consiabcd in flexion or extension. The 
point was rather whether the reflex 
waa slow and alight or quick and ample. 

It was found impraoticable to meas¬ 
ure the activity of these reflexes by any 
physical measuring device available 
to the present investigators. It was 
therefore decided to use a Kraphio 
rating scale on which 2 judges could 
express their judgmenta independently. 
These judgments were correlated and 
reliabilities of the combined judgments 
were estimated by the Spearman- 
Brown formnlcL. The results are 
shown in table 1, It will be seen that 
the ratings show a satisfactory re¬ 
liability for atatistical purposes. 

The next atop was to study the inter- 
correlation of the various responses. 
Before doing this the ratings on similar 
reflexes involving the two sides of 
the body were combined. That is, 
Tight and left plantar reflexea were 
combined into a single SGore, right and 
left patellar reflexes, and bo on. It was 
felt that this procedure was justified 
because there wore few caaes in which 
the corresponding right and left re¬ 
flexes were not equally active. 

The intercorrclationa arc shown in 
table 2. If there is a general factor 
undcriying the infant's various re- 
sponsea then the average intercorrela¬ 
tion should bo significantly different 
from zero. The average correlation, 
however, waa found to be ,044. This 
does not aecm significant. 

A clo.^er analysis of the table reveals 
certain interesting facts. If intcrcoi- 
rnlations affecting one part of the body 
arc coTiakIcrcd» the correlation bccomca 
much higher. In the upper IcfUiand 
corner of tnldo 2 a square has been 


drawn around the intercorrelationa of 
a number of reflexes involving the 
lumbar cord. The mean inter correla¬ 
tion within this group ia .081. Simi¬ 
larly, if a square be drawn about the 
coefficient of responses involving the 
cranial nerves—light reflex, conver¬ 
gence of eyes, response to a moving 
object, and lip reflex—^it will be found 
that the average coefficient within the 
square is .184. In the lower right- 
hand corner is a square drawn about 
the inter correlations involving the 
cTanial nerves aud body musculature. 
Hero the mean correlation is .431, 

It may be inferred that the average 
of all the coefficients in the table, 
.044, ia as high ns it is, on account of 
the coefficient within the squares. 
This inference ia correct. The average 
of the coefficients in the table which 
are outside the three squares is .C005— 
exactly zero for statistical purposes. 

Ttese reanlta tnako possible a. tenta¬ 
tive answer to the original question. 
No general factor is discoverable intho 
mental life of the newborn infant. 
There are only specific groups of 
abilities involving specific parts of the 
nervous aystein. The infant at birth 
ia not a mental unit. It seems reason¬ 
able to suppose that it ia the matuiation 
of the nerve tracts which welds these 
discrete elements into the integrated 
mental whole discoverable at the age 
of one month. 

SUMMARY 

1, A scale involving 17 responses 
was given to 62 newborn infants. 

2. The inter correlation of the results 
of these testa proved to be zero after 
certain intercorrelations involving 
apccific parts of the nervous systom 
had been eliminated. 
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3, These lesults suggest that there the first postnatal month and can bo 
ia no njCDtal integration in the new- reasonably supposed to be conditioned 
born. Integration takes place during by the maturation of the nerve tracts. 
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The Heilbronner Test for Preschool 
Children 

Roberta S. White 


T ub original Heilbronner test 
was designed to measure ‘'ap¬ 
perception^^ or iningination (1). 
It consists of 12 aeries of line drawings 
printed on small cards and representing 
familiar objects. There are from 3 
to 7 cards in each series. On the first 
card of a acriea only one or two lines 
of the picture are shown. In each 
succeeding card more lines are added 
until in the final card the picture is 
completed. Thesq cards are shown 
to a Bubject one at a time in the given 
order and he is instructed to name the 
object depicted. The more quicJdy 
he grasps the meaning of a picture 
even though some details arc lacking, 
the more proficient he is in the test. 

The following study was made with 
tlic purpose of seeing whether this test 
might bo of use with preschool chil¬ 
dren. It was first given in its original 
form to a preliminary group of 16 
cliildren in tbo Child Institute at the 
Johns Hopkins University. From the 
results thus obtained the test was 
greatly shortened by the elimination of 
those pictures and series of pictures 
which were of no value in differentiat¬ 
ing levels of ability among the children. 
This revised form wna then given to 31 
children at the Institute of Cliikl 
Welfare rit the University of Minnesota 
and the results Ktuclied in the light of 
chronological and mental age. 


PBELIMINARY TEST 

The group of 16 children used in the 
preliminary test ranged in age from 
3:0 to 5:4 yeara with the median at 
4:3 years. There were 10 boys and 6 
girls. The procedure was as follows. 
The child was seated in a small cliair 
at a low table. His attention was 
directed to the table by the experi¬ 
menter (B) pointing and saying, 'U am 
going to show you some pictures right 
here.'^ Then the first picture was 
placed on the table in front of the 
child while E said, ''Tell me what 
that is/' If the response was wrong 
E said ''No/' and showed the next of 
the Series, saying “What is that?" 
This phrase was repeated at the begin¬ 
ning of each new aeries and whenever 
the child hesitated too long. When 
the response wna right E said, “That's 
right," and then showed the rest of the 
scries, At the end of the first series E 
explained that the pictures were all 
of the same thing only the first one 
had just a few lines and the rest had 
more and more until the picture was 
finished. 

The pictures were shown in the 
alphabetical order of the letters A to 
N which designate them. (The letters 
J and K were omitted from the original 
test.) A record was kept of every 
response and of the general ntbitudeor 
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thG child. Leniency was used in 
counting responses correct^ for Instnnco 
was accepted for clock, and 
radio for phonograph, since few chil¬ 
dren have seen the old fashioned type 
of phonograph depicted, and it looks 
nmch like a radio. 

JJIETHOD OF JlBVISIOig 

Tlie results from this preliminary 
test showed clearly that a revision was 
needed if fche test were to be useful 
with preschool children. Table 1 gives 


series, the thennometer, phonograph, 
and fountain pen, were practically use¬ 
less since so few of the children were 
familiar with the object depleted. 
These were discarded in tlie revision 
of the test. The pencil and broom 
series were also eliminated because of 
the aimilarity among the cards com¬ 
prising each aeries. The windmill waa 
of the Dutch type which children 
meet only in pictures, so it too waa 
discarded. 

The 6 remaining series were then 


TAnLn 1 

Ku'inbcr of card in the senca eliciting the fird correcl res'ponsei preliminary test—original 

fieilhTonner 
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L. Bicycle. 
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D. Pencil . 
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C. Telephone. 
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these results. It tells the number in shortened by eliminating tliosc cards 
the scries of the card or drawing which which had little value, that is which in 
elicited the coiTGct response in that few or no cases elicited the first correct 
series for each child. These series of response of the series. Aa finally 
flrawine-s renroaRnted hv letters are revised the test included series with 
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Duttcrfly: 3 carda, Original order in 
series 3,6 and 0 

Tcloplionc: 4 cards, Original order in 
Boriea 2, 4, 0 and 7 

nESUIiTa WITH TH33 hevised form 

Tliirfcy-oiic children were given the 
revised form, 17 of whom were boys 
and U girla. Their ages ranged from 
2:2 to 715. I.Q. averaged 108.6 with 
a range from 85 to 152. The I.Q. 
was taken from previous tests, Kuhh 
man-Binet for 13 of the older Ghildren 
and the iinpubliahed Minnesota test 
for 18 of the younger. 

The procedure was identical with 


obtainable. Leniency was again used. 
Thus “lantern'' and ^^light" were ac¬ 
cepted for the lamp, and “tricycle" 
and “kiddie car” for the bicycle. 

The scores ranged from 0 with the 
youngest child to 13 for one of the 
oldest, and averaged 7.5 points. The 
girls show a superior score even though 
their average age is less than that of 
the boys. This is probably explained 
by the higher I.Q, of the girla. 


Boya Oirla 

Ago. 3:8 3:7 

M.A. 3:11 4:1 

I.Q.104.4 113.8 

Score. 0.8 8,4 


TABLE 2 

Ntimber of card in the series eliciting the first correct res'ponae—reDised Heilbronner 



that of the ptehminary teat except that 
tho method of exposing the cards was 
more standardized. Instead of merely 
placing them on the table in front of 
the child they were shown one at a t^ime 
through an opening 2) inches square 
in a largo envelope of black paper 
which waB tacked to the table top. 
Each card was glued to a strip of black 
paper which served as a handle to 
remove it, thus exposing the next card 
in tho series. Lighting was from the 
left and above. 

Scoring followed the method used 
by Clara II. Town (2). One point 
was given for each picture correctly 
named, so 15 was the maximum score 


Correlation between C.A. and score 
was .83zb.04, between M.A. and score 
.74±.06. No significant correlation was 
found between score and I.Q. 

Table 2 shows that every card of the 
6 series was useful in eliciting tho first 
correct response of a series from at 
least one child. The first card in the 
“book” series was recognized aa a 
book by 21 children yet 9 failed to get 
it correct on the last card. The 
“butterfly" was too difficult for two- 
thirds of the children or else unfamiliar 
to them. Pictures of other objects 
more usual in a child's world could be 
included advantageously in the test. 

The use of this test with children 
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under 3| years may be critized on the 
grounds of the language element. 
Scoring is difficult when the child’s 
enunciation is poor. The young child 
lias a tendency to repeat the same 
syllable over and over again whether 
it hfts any connection or not, Further¬ 


more the test laclca manipulation, 
which is often necessary to hold a 
child's attention. But with older chil¬ 
dren of the preschool age the test 
might be of definite value in measuring 
"imagination," or better still as one 
of a series of tests for that purpose. 
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Variations in the Responses of Infants Dur¬ 
ing First Ten Days of Post-natal Life 


Edith S. 

T he problem of the present re- 
BCMch is the consideration of 
those factors present at birth 
and in the earliest days of the new-born 
infant's life which inny lend their 
influence to the determination of his 
reactions and behavior. Such a study 
presupposes careful observation of 
the various stimuli which affect the 
child and also consideration of all ac¬ 
tivities wliich are the resulting effect of 
known or unknown stimuli. This 
study' incUidoa careful note of the 
condition of the mother during preg¬ 
nancy and observation of the type and 
length of labor and delivery, together 
with the reactions of the infant on 
each of the first ten days of life, to cer¬ 
tain constant stimuli presented under 
conditions ns nearly identical ns can be 
.set up with the new-born child. At- 

' This invesligalion was made at the 
Psychological Laharalory, The Juluis IIop- 
hinn University. Tho mothcra imd infnuta 
alwUeiV vine In the TOalernity \«aTil oi tho 
Dniversily of Maryland. To the data ob¬ 
tained for the Baltimore infanta were added 
uimilar data for Mexican children and for 
Bomc negro children in California. To tho 
mernhera of the elalT of each hospitnl cooper¬ 
ating in tho sillily the author acknowledges 
gratitude for tho opiiortiinily given to her 
and fur their active and lielpful cooperation 
in Kcciiring records. The continuation of 
the Hludy by tho auLlior is in progrcaa at the 
IJnivorsity of California, 


DnYAN 

tention was given to the cry, the reac¬ 
tions to light and sound, grapsing and 
the Babinalii reflex and to variovis 
typos of muscular activity. Aside 
from thia stenotypecl work of an exper¬ 
imental nature careful note was miide 
of any unusual activity or condition 
produced by an unknown stimulus. 

In order to make the study as com¬ 
plete and exhaustive ns possible the 
investigator studied the physical find 
other conditions of the mother prior 
to labor, attended the mother during 
labor, oljservcd the reaction of the 
child on delivery and for some time 
ftucceeding delivery, and made exam¬ 
inations concerning the reactions of 
the child to its accustomed environ¬ 
ment. Definite stimuli were given 
under experimental conditions twice 
each day for a period of ten days. Tlic 
testa were made both during the wak¬ 
ing and during the sleeping periods of 
the child. The waking period was 
taken immediately succeeding the b ath 
which just preceded a nursing period, 
both factors being considered as lend¬ 
ing aid to determining the most wide 
awake period of the clay. The sleeping 
period was chosen as that immediately 
auccccding the nursing period when the 
child seems to have fallen into the 
sQimdeat slumber. Tho number of 
mothcra examined were 64 and the 


SO 
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Dumber of infants from these mothers 
was 66, as 3 pairs of twins occurred in 
this group* For certain reactions ad^ 
(iitional infants were observed as in the 
case of the Babinald reflex when 100 
infants were tested, 

reactions to light 

In this study it has been observed 
that following the normal and not too 
cli/Rcult birth of a vigorous child the 
infant generally reinaina awake for the 
first two hours or more after birth, 
and that during this period the child 
has a tendency to lie with wide open 
eyes and eyeballs rolling about with a 
fair amount of coordination. Careful 
note was made of all who opened the 
eyes immediately after birth and 15 
of the 66 opened the eyes at once, 
either prior to other muscular activity 
or simultaneously with it. 

In one hospital the practice was to 
administer the drops of silver nitrate 
QS soon as the cord was tied and cut; 
and as this was completed within the 
first two or three minutes the eyelids 
were retracted and the drops adminis¬ 
tered before the infant had voluntarily 
opened the eyes. It gave the appear¬ 
ance that this practice delayed the 
normal opening of the eyes somewhat, 
as iu a second institution the adminis¬ 
tering of the drops was delayed until 
the baby was removed to the nursery. 
The percentage of infants, in tliis 
second group who opened the eyes 
immediately was somewhat larger than 
in the first group. The average delay 
was not more than fifteen minutes, 
however, in the first group. 

In the study of the effect of light 
stimuli the following material^} ivei’o 
used: for the first three days the 


stimulus was the Winches her Flash¬ 
light No. 5911, charged with No, 035 
Evev-ready Unit Cell; for the succeed¬ 
ing daya the light used was flic French 
Ray O Lite charged with Ever-rcady 
Unit Cells No. 950, The latter light 
was focused to a point at 1 foot but 
used 3 feet from the child for the fourth 
and fifth day and thereafter focused 
for 3 feet and flashed at that distance. 

The light was flashed on the face of 
the child three times during each oxperi- 
imental trial. Two such trials were 
made daily, one during tlic sleeping 
period and one trial during the period 
when the child was awake. The new¬ 
born gives a much more aeute reaction 
to a sudden light thrown on the face 
during the first thi’ee of the ueo natal 
days than it does during the succeed¬ 
ing seven days. This fact holds 
whether the child is asleep or awake, 
It was repeatedly observed that, during 
the first three days of life, when a light 
falls on the cyea the child fiequcntly 
gives a start, the lids are more tightly 
closed, a frown appears, the lips also 
are frequently closed jnore firmly and if 
the light persists the licad is moved 
from side to side, is thrown back or 
turned well away from the source of 
light. The reaction to the light is 
more extreme when the child is asleep 
than when it is awaice, as diu'ing tho 
waking periods the reaction consists 
of a quick blinking of the e 3 ^c.s accom¬ 
panied frequently with a downward 
movement of tlm head and a frown 
less severe blian when aslcej:). 

After the first three dayn (iro passed, 
as a rule, these reactions become no¬ 
tably less severe, until by the fifth to 
seventh clay the ronction is very mild 
and generally wholly disappears before 
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the toiUh (Lay so that a light flashed 
in the face of a alcoping child brings 
no reaction whatsoever. When the 
stronger liglit is flashed in the eyes of a 
child that is awake^ there will fre¬ 
quently be one blinking movement and 
then the cyba will open wide while the 
child gives the appearance of looking 
directly at tlic light or alternately 
looking at it and away without paying 
any attention to the presence of the 
light and without further blinking. 
The reaction seen during the first 
three days scemxS much like that de¬ 
scribed by Preyer (8) as occurring 
from the tenth day on. The fact that 
the reaction was not generally seen 
after tho fifth to seventh day in tho 
present experimental study may be due 
to adaptation of the organism to the 
stimulusj after the application of the 
stimulus for from three to five suc¬ 
cessive days. 

At no time was any of this group ob¬ 
served to follow the light or other 
bright object during this ten-day pe¬ 
riod of observation. The inveatigntor 
was always dressed in white when with 
the mothers and infants and several 
times an infant had the appearance of 
fixating the invostigator'e face or white 
dress but it was probably the bright¬ 
ness or whiteneaa that attracted the 
attention and held it momentarily. 
One such instance was caught in a pic¬ 
ture. Further description of this inci¬ 
dent is given under the Bcction on mus¬ 
cular activity. 

Conclusion 

Tile eyes of the vigorous new-born 
infant have a tendency to open volun¬ 
tarily ns ouc of the earliest muscular 
activities and the cye-bnlls roll from 
side to side, 


The eyes of the new-born infant soon 
adapt to light- The reaction to a 
light flashed in the face is more severe 
when the child is asleep than when 
awake. The adaptation generally oc¬ 
curs within the first five days and what 
reaction ia seen after that time is of a 
very mild nature. 

The average infant does not follow 
a light or point of brightness with its 
eyes during the first ten days of its 
life. 

Occasionally an infant, in the first 
ten days of life, will fixate a light or 
bright or white surface for a notable 
period of time. 

HEARING 

The subject of hearing in infanta has 
been much discussed by observers and 
experimenters in child psychology. 
It was formerly rather universally 
thought that a new-born child was 
wholly deaf. There has been a vari¬ 
ety of opinions expressed as to when 
the hearing was attained and opinions 
varied from the idea that it was gained 
a few hours after birth to the belief 
that the sense of hearing was not 
present for days. Those who believe 
the child to be deaf after birth arc 
Preyer (8), Tracy (12), and Rasmus¬ 
sen, while Miss Shinn (10) possibly 
holds this view ns she reports, 'The 
baby showed no signs of hearing any¬ 
thing until the third day." An opin¬ 
ion quite opposed to this is held by 
Tanner (11), and Watson (13), who 
contend that the infant hears the first 
day, although even these writers seem 
to admit that the sense of hearing does 
nob develop alike in all infants. 

In this study three forms of audi¬ 
tory Btiinulatioii wore used. 

For the deeper tones a little hand 
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bell was used which had a salient pitch 
of approximately 512 vibrations fre- 
quency, one octave above middle C. 
The procedure tried first with each 
infaut was to hold the bell sidewise and 
lifting the clapper to the upper side let 
it fall to the lower. The fall of the 
clapper waa through a distance of 2 
inches. The bell was within incheB 
of the ear. 

The second procedure waa to ring 
the boll sharply aa close to the ear as 
poasible without touching the child. 

The third procedure was with the 
use of the Galton (Edelmann) whistle 
which was sounded within 1 inch dis¬ 
tance from the ear at pitches of ten, 
fifteen, twenty, twenty-five and thirty- 
five thousand vibrations and each 
pitch sounded three times with an in¬ 
terval of silence between. Each of 
these procedurea was followed twice 
each day for the ten days, once each 
during both the waking and sleeping 
period, the periods being the same as 
those described in the preceding experi- 
menta. Each sound waa given three 
tiineB. 

The result of the first procedure 
was absolutely negative. To the 
sound of the bell elicited by the fall 
of the clapper through the diabance 
of 2 inchea (the diameter of the bell 
rim), there was no reaction that was 
distinguishable with any child at any 
time, sleeping or waking, during the 
ten days of trials. 

The result of the second procedure, 
the sharp ringing of the bell, appeared 
positive although some doubt might 
occur to the minds of certain investi¬ 
gators as to the validity of the inter¬ 
pretation. It is well known to those 
whose daily life is spent with the new¬ 


born that an infant is frequently bcou 
to give a sudden violent start, similar 
in appearance to the strong muscular 
start given by an adult just dropping 
aaleep. This aiidden star t of the infant 
has repeatedly been observed by the 
investigator in the absence of any dia- 

No. Cases 
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cernable external b bimuU. In one hos¬ 
pital where the nuraery was five stories 
up on the quiet side of the hospital 
grounds and avcU isolated by corridors 
from any noisy portions of the house 
within, this phenomenon was frequently 
seen and in practically all of the infants. 
The conception of the caunc as that of 
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jar seemed equally untenable as the 
building was of brick and concrete and 
110 trains passed near. Unless these lit^ 
tic organisms are as delicate as the seis- 
jnograph tlicy could not be considered 
as registering jar in this way. Bearing 
in mind this start from an unknown 
cause it is difficult to detormine just 
when a stirring is due to the stimulus 
of sound and when it is due to this 
unknown factor mentioned above. 
The reaction of the sound of the ring¬ 
ing bell most frequently apparent was 
that of stirring or turning toward the 
sound. The reaction of blinking was 
that next in frequency while a severe 
start or a cry were more rarely ob¬ 
served. 

This second experiment of sound 
was only tested on 31 cases. In 2 
of these no reaction was observed in 
tlio 20 trials given (2 on each of ten 
days). In 4 otlicr cases a seeming 
reaction was observed only once with 
each cliiid, so that these cases were 
eliiniiiatecl ns possibly belonging to 
the type of case cited above where the 
cause for the start is unknown. The 
occuiTonce of the time of the first reac¬ 
tion is shown in figure 1. This indi¬ 
cates the first reaction to sound aa 
being first observed for 17 out of 25 
eases between the third and seventh 
dayj 3 occurring prior to that time and 
4 being scon Uitcr. 

The I’caGtlon, if such it eould be 
considered, appeared very erratic, 
after what .seemed to be a definite 
reaction to a given stimuKis several 
days might elapse before any further 
rciicLioii lYfts seen. In no case was a 
reaetinn seen to iippeiw each day suc¬ 
ceeding the first iippeariinco. The re¬ 
actions no ted were of six diffeiciib types, 


arranged in aacending order of fre^ 
quency; opening of eyes, crying, start¬ 
ing (rather violent), blinking, turning 
toward the sound and simple stirring. 
In all these tests made on all the in¬ 
fants the reactions were seen the fol¬ 
lowing number of times: 


VttTjiftero/ 

neaclioii occuTrencea 

Opening of the eye. 5 

Crying. 6 

Starting (violent). 16 

Blinking. 17 

Turning toward sound. 18 

Stirring.. 45 


With the Galton whistle (Edelmann) 
the findings were somewhat similar to 
those resulting froin the bell ringing. 
A reaction to the sound would appar¬ 
ently be seen one day and then be 
utterly lacking for several days follow¬ 
ing. Ill only one instance was the re¬ 
action observed each day after its first 
occurrence. Of the 75 cases tested 5 
gave no evidence at any time of hear¬ 
ing the whistle; 7 showed a reaction 
only oncG in the ten days and were 
therefore disregarded for the same 
reason as quoted above; 41 gave a reac¬ 
tion and in succeeding days gave, once 
or more than once, a similar reaction 
to the same stimulus. 

In only a few instances was the child 
observed to give the appearance of 
hearing the human voice. The most 
notable instance Yvaa that of the child 
who turned to the investigator while 
standing on the table on the sixth clay, 
a full de.scription of which is given in 
the section on muscular activity, 
Several other infants were observed to 
turn the head on the ninth and LcnLh 
day and fixate the face of the inves¬ 
tigator who in each case was holding 
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the babo in her arms. The ''reaction*' 
fiGCjned to be that of '^listening” while 
the investigator talked or crooned to 
the child. 

In each institution where the cases 
cited were observed the nursery was 
at the back of the building where little 
nbisG was heard from the street. In 
one place, however, the accident de¬ 
partment was just below and across a 
narrow patio from the nursery and 
the ambulance would frequently swing 
into this fatio, by way of the alley, 
with a warning scream from the siren, 
Frequently when this occurred the 
uivostigator was standing before a 
number of the baskets observing the 
babies. At no time did she see any 
start or other evidence of a reaction to 
this sound. 

Conclusion 

New-born infants do not all give 
evidence of hearing in response to bell 
.and whistle stimulation during the 
fii'st week of life. 

The average new-born infant gives 
no evidence of hearing ordinary sounds 
(luring the first two days. 

Many infanta give evidence of 
lieariiig from the third to the seventh 
clay. 

Some infants give the appearance 
cf listening to ordinary talking or 
crooning before the tenth day. 

TASTE AND BMELIj 

Definite stimuli to elicit olfactory 
and gustatory responses were not 
given. Some observations that con¬ 
tribute to knowledge of such responses 
during the first ten days of life were 
jnade. While the infant seems to be 


sensitive to strong odors or to dis¬ 
tinctly different taste qualities accord¬ 
ing to previous studies, the experience 
in this present experiment would indi¬ 
cate they were not acute enough to 
detect human milk from different 
mothers nor from modified cow's milk, 
A number of children, due to a sick 
condition of their own mother, were 
given milk from other mothers who 
had more than enough for one child 
and who were willing to have it 
pumped for the needy child. Thus 
the infanta sometimes had milk from 
another mother or mixed millc from a 
number of mothers or at times even 
modified cow's milk, without showing 
any lack of willingness to accept it and 
without presenting any notable facial 
expression or other unuvsunl reaction. 
When, however, in the preparation 
presented to the child lactic acid was 
used it appeared to be distinctly dis¬ 
pleasing to the child. The nipple was 
not seized as eagerly as when mother's 
milk was presented but was pushed 
from the mouth with the tongue re- 
repeatedly with facial expressions or 
contortions which seemed to indicate 
distaste or dislike. After the prepara¬ 
tion with lactic acid was presented for 
a number of days in succession this 
dislike seemed to disappear, accomo¬ 
dation seemed to occur, and the milk 
was taken eagerly. 

UEFDEXES 

A study of the reflexes in the new¬ 
born has occupied much time and 
interest, but reports are so conflicting 
and at times so incomplete, as to make 
the summation of rcsultB extremely 
difficult. 

Tlic multiplicity of description 
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eccins to give confusion to the picture 
since the dilTercnt oxperimonters de- 
Bcribo their procedure, as well aa the 
icsulta, in differing expressions which 
arc difficult to interpret in common 
terms. Failure to report the exact age 
of the child or range of ages of any 
flpecific division of a group showing one 
particular typo of response also adds 
to theindefinitenesa of results found. 
Some state as Koffka (5): 

"That ft conBiclcrablc number of reflexes 
uro n-rouBcd by atimulatioa of the skin. 
Among these, one that is typical of the Dew- 
bom Infant ia the Bo-eallecl Babinski reflex, 
which after ft few weeka ia supplanted by the 
plantar end docs not again appear in the 
normiil adult." 

Burr (2) reports that Gottfried 
Engobher, 1005, found that in 232 
children, in the first week of life, and 
with sound nervous systems, the 
plantar consisted of dorsal flexion of 
the toes {Babiiiski), M. A. Leri in 166 
infants found extension of the toes on 
stroking the solo, tho rule, at birth. 
John Lovett Morse concluded after tho 
examination of 254 infants during the 
first twenty-three months of life that, 

is evident that there is no constant 
plantar reflex in tho first year.” In 
his own study Burr (2) examined 69 
infanta, from ono hour to ninety days 
old, and reports, 

"In 0 iiiHtnnccH, though the toca moved, 
the movement was bo criftlio that I could 
form no judgment. In 19 others theic waa 
no movement of the toca, of any kind, no 
matter what part of the eolo was stimulated. 
In 26 cases there was dclinilc extension of 
the Logs, and in 10 there waa flexion." 

Proyer (8) and Watson (13) both 
report the Iliibiiiaki as present at birth. 

Shornuin (15) reports on this reflex, 


The reflex was elicited by stroking with 
n dull pointed pencil from the anterior 
plantar surface downward in tho midline. 
When the stimulus was followed by exten¬ 
sion of the great toe (positive Babinski), 

B additional stimuli were given in aucces- 
sion, within leas than one-half minute. 
Age variation of infanta examined was from 
ono hour to twelve days. Flexion occurred 
in 67.3 per cent of the cases and extonaion 
in the remaining 42.7 per cent. When the 
stimulus was repeated na described above, 
the positive Babinski was quickly followed 
by floxion in 31 (76.5 per cent) of the 41 
infants showing extension in response bo one 
stimulus. The remaining 10 cases alioAved 
a peraiateut extension of the toes. The 
final rcaponae was a floxion in 80 (80.0 per 
cent) of the total 00 cases." 

Since the Babinski reflex ia said to be 
found in such a comparatively short 
span of time, two years or less, it ia 
highly essential that note should be 
made of any deviation of its appear¬ 
ance, or disappearance as to point of 
time. The consideration of this time 
element may be one of the most im¬ 
portant factors in diaclosing the real 
significance of thia reflex. Some ques¬ 
tions which preaent themaelves as wor¬ 
thy of study are: 

1. In what percentage of children ia 
it present at birth? 

2. Ia there any correlation between 
the condition of labor and consequent 
condition of the child with the presence 
or non-appearance of thia reflex at 
birth? 

3. Even though found in all races 
alike, as some investigators affirm, 
does it appear in all races at the same 
approximate age? 

4. How wide is the range of time 
for its disappearance and is there any 
correlation between the health condi¬ 
tion of the child and its time of disap¬ 
pearance? 
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In the study of this reflex by the 
present writer the stimulua waa given 
to each infant three times on each foot 
each day, nt the period when tlie child 
was awake and also three times on each 
foot each day when the child waa 
HSlccp. A soft blunt pencil waa used 
[or the stroking. The leg of the infant 
rcated across the palm of the left hand 
of the observer and the forefinger and 
diumb clasped the leg very lightly just 
below tho knee. The stroke was be¬ 
gun between the great toe and the 
second toG and followed the midline 
almost to the heel. The reason for 
lifting the pencil before reaching the 
heel was becauae it was found that 
stroking the heel greatly accentuated 
the reaction of jerking away as though 
from tickle. Another notable bit of 
reaction waa that the free foot almost 
invariabily pushed against the worker’s 
hand as though to free the imprisoned 
toot, 

There were 100 infants studied in all, 
including C8 whites, 9 Mexicans, and 
23 negroes. In general the results 
were as varied as indicated in the re- 
parbs of the workers cited above. It 
should be remembered that this study 
covered only the first ten days of life, 
so that differences found here would 
not liave the eame interpretation as 
differences found in a wider span of 
time. In no case was the Babinski 
found on the first day. The following 
discussion is a consideration of the 
experiment done with the child awake. 
In the group of white infants 17 gave 
the reaction definitely tho second day, 
13, the third day, and so on as indicated 
in figure 2, all but 6 showing the reac¬ 
tion by the tenth day; 3, however, 
showing great variability, tho r ell ox 


being present one day and absent the 
next. In the group of 9 Moxiertn 
children 1 gave the renction the fourth 
day, 2 the eighth and 1 the ninth, the 
other 5 not showing the reaction at any 
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Fid. 2. ApPEAnANCE op Radinski 
Rbvlkx 

time during the ten-day period. In 
the group of 23 negro children, 1 
showed the reaction the eighth day and 
1 the ninth, and the other 21 not at all 
in the ten-day period. This shows a 
definite racial difference in tlie early 
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day? of life. In I’Cgard to the colored 
infants it was noticeable that the 
leaotion to other stimuli on the foot 
'wna not so acute as with the white. 
They did not jerk the foot away so 
quickly upon tickling or tapping the 
foot as tlio white children did^ 

Plate I, A, shows the reaction of one 
infant, on the third day, a definite 
plantar reaction which was seGured 
from both left and right foot. Plate I, 
B, shows the same infant with the reac¬ 
tion of the fifth day (two days later), 
this time a definite Eabinslri. The 
picture wna snapped, ns can be seen, 
before the pencil had traveled very far 
and the fanning is not as complete aa 
it wna, a few seconds later, but, never¬ 
theless, it clearly indicates the rcaotion, 
It proved in this group to be rather 
usual for the two feet to give the same 
reaction. 

There can be no one type of reaction 
cited ns appearing before that of the 
Babin ski. In some infants the plan¬ 
tar was definitely seen. In many an 
erratic moving of the toes occurred 
which may or may not have anything 
to do with the afciniulua. In aome, and 
Lilia was especially noticeable in the 
negroes, the stinilus applied in the 
earliest days elicited no response yvlmt- 
soever bub the foot lay in the experi¬ 
menter's hand absolutely inert. 

One interesting factor was seen a 
number of tmies with several of the 
white infants. Among those who 
developed the Babinski rather early 
in the ten-day period, and some others 
who remained in the hospital over the 
tciinlay period, m this special experi¬ 
ment could he carried on into the 
eleventh and twelfth day, it waa seen 
that tliic reaction did not wait for the 


stroke down the foot but occurred im¬ 
mediately upon the leg being taken 
into the hand in readiness for the usual 
stimulus. The interesting point here 
is whether the Babinaki can be elicited 
by the stimulation of other areas and 
whether there may be at times u factor 
of learning involved. This reaction 
was seen a number of times under en¬ 
tirely different circumstancea, It is 
clearly shown in one of the later illus- 
atrations in muscular activity occurr¬ 
ing when the infant is hanging, sup¬ 
porting its weight by its own grasp of 
the investigator's fingers, Plate I, C. 

Another peculiarity which came to 
light in this experiment was the fact 
that the reaction on stroking the foot ia 
not always the same for a given infant 
when the Bbimulus is given with the 
child awake as it ia when the child ia 
asleep. Tor example; Ten of the 
colored children when asleep gave a 
very definite Babinski reaction, once, 
before the tenth day. This occurred 
only once with each child and between 
the sixth and tenth days. These 
infanta, at no time, gave this reaction 
when awake. The white children did 
not show the same ratio of difference 
but 4 of them showed the same pcoul- 
iarity, the Babinski appearing in the 
sleeping child before it did in the child 
when it was awake. 

Although the Babinski reflex does 
not appear in all infants at the same 
time, and although it is variable in its 
constancy of appearance we are able bo 
draw some rather definite conclusions 
concerning it. 

1. In the majority of white children 
the Babinski reflex may be expected 
by tho tenth day of life. 

2. In the colored children the np- 
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pcarance of this reflex is delayed longer 
fchan in the white, not appearing in 
genci al until Bome time after the tenth 
day. 

3. There sceme to be a di^fe^en( 3 G 
in time of appearance of the reflex when 
the child ia awake and when it is asleep, 
usually occurring earlier in sleep. 

4. The stroking of the sole of the 
foot probably is not the only stimulus 
which excites this reflex action, 

5. A further study of this reflex may 
add something to the evidence on 
learning in these early days. 

6. In some cases tho reflex appears 
in the left foot before it appears in the 
right. 

It may be that a prolonged and still 
more thorough study of this reflex will 
throw considerable light on the subject 
of prenatal and early postnatal devel¬ 
opment and on the earliest stages of 
learning. A further study of racial 
differences will be most interesting 
and possibly very enlightening, 

THE CRY 

Seemingly little has been done to¬ 
ward a careful study of the cry of the 
child. It has been accepted na one of 
the first and by some the very first 
activity of the new-born. It is so 
considered by Kant, Kirkpatrick (4), 
Lowden (6), Watson (14), Rasmussen 
(9), Gesell (3), Preyer (8) and Allporb 
(1). Preyer (8) desoribes the first cry 
os purely reflexive but later as ^'Pierc¬ 
ing and persistent in pain; a whimper¬ 
ing in an uncomfortable position; 
suddenly waxing to unexpected inten¬ 
sity and again decreasing quickly when 
something is desired and not ob¬ 
tained;^' while Aliport characterizes 
it as *Veak, rhythmic, tremulus and 


unvaried/* and Gesell speaks of it ns 
“The very first behavior event after 
birth,** and Watson (14) observes *'Thc 
birth cry occurs at the moment the 
respiratory centers are stimulated 
after birth.** 

This report deala with the time and 
conditions of the cry responses. The 
quality of the cry as to pitch and pat¬ 
tern is merely described as apparatus 
for recording the sounds was not 
available for this study. 

The cause for the first cry has not 
yet been determined, as thcro are 
several factors which seem adequate 
stimuli for this activity. It could well 
be tho reaction due to the release from 
the pressure given by the uterine con¬ 
traction and by that of the abdominal 
muscles as the fetus is forced through 
tho pelvic passages in delivery. There 
are times when the sudden, abrupt, 
sharp cry, given immediately on 
deliveiy of the head, has every appear¬ 
ance of a protest against rough hand¬ 
ling. This type of cry is more apt to 
occur in a normal, quickly expulsive 
delivery of tho multipara. Such a cry 
is sharp, rather deep and given with a 
full intake of breath and ia welcomed 
by the attending physician and nurse 
as indicative of complete expansion of 
the lungs. At other times tho cry docs 
not come until the entire body has been 
exposed to the nir and may be due to 
the stimulus of the change of tempera¬ 
ture from that experienced in utcro to 
that of the room in whicli the delivery 
occurs. This cry ia not usually so 
explosive or sharp and the inspiration 
is frequently not so deep as that which 
occurs with the cry coming immedi¬ 
ately on delivery. It must frequently 
bo further excited by tupping on the 
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soles of the feet or along the spLne or by external stimuli in these cnaes, wlieie 


briskly rubbing the back, The child 
ia never considered in the beat condi¬ 
tion until a vigorous cry with deep 
intake of breath haa been secured. 
At times the cry ia weak and more 
or less rythmic and has the appearance 
□f being, not so much the result of a 
definite external atimulua as that of an 
inward dig comfort or lack which might 
bo dcacribed ns an air hunger. Such a 
cry may indeed bo concomitant with 
an incomplete expansion of the lungs, 
There is in it a complaining sound of 
discomfort. When such a cry aa this 
coinea as the first reaction, further 
stimuli arc added until a sharper cry 
with deeper intake of breath is secured. 
It hag been frequently noted with pre¬ 
mature infanta and other infanta in 
poor condition at birth that each 
inspiration ia accompanied with a little 
moan. It is diibGult to determine 
whcblicr this moan ia indicativo of 
discomfort or a mere whistle through 
the air passages. 

When the birth is by CacBarian 
section the reaction seen is of two 
typea: The one in which, for aoine 
reason, the mother has been kept 
under an nncsthetic for a consider able 
period, allows all the signs of simple 
anaesthesia and after the lapse of a 
brief interval, (ten minutes in one 
instance) the infant cries feebly and 
breathes spasmodically and at the 
end of one-half hour shows normal 
breathing and crying. The other 
type delivered in this manner gives ei 
ftharp vigorous cvy immediately upon 
being lifted from the uterus Eind con¬ 
tinues crying vigorously while being 
carried from the operating room to the 
luirsory. If the cry be the reaction to 


the anaesthetic haa not affected the 
infant, the enuae would seem to bo 
either the difference in temperature 
or reaction to handling. 

The variation in the frequency, 
intensity, and pitch of this first cry 
seems to be closely related to the phys¬ 
ical condition of the child and possibly 
to the type and length of the period of 
labor. There are times when the peri¬ 
od of labor has been, greatly prolonged 
and the child lias every appearance of 
exhaustion that the cry ia char¬ 
acteristically weak, short and inter¬ 
mittent. When the child ia asphjrx- 
iated, as occurs at times when the 
cord ia around the neck or when for¬ 
ceps have been used to interrupt pro¬ 
longed and difficult labor, the cry may 
not come until some time after the 
intake of several breaths and also after 
definite muscular activity haa been 
observed. One such case was noted 
in which the labor began at 11:00 a.m. 
on Monday and the first stage Listed 
until l-.OO a.m. on Tuesday (fourteen 
hours). Tho second stage lasted from 
1:00 a.m, until 2:00 p.m. (thirteen 
hours) when, as very little progress had 
been made, it waa interrupted by a 
mid-foroepa delivery. Upon delivery 
the heart-heats were 35 per minute 
and no respiration, so that artificial 
respiration was set up and the alter¬ 
nate warm and cool bath waa used 
for stimulation. Muscular activity 
(which will be described in the section 
on this subject) was set up before cry¬ 
ing, and several inspirations were also 
observed before crying, and the child 
was fifteen minutes old before satis¬ 
factory crying was obaerved and tliir ty- 
five minutes ok] before spoiltaiicoua 
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vigorous crying was noted. Thus 
crying, fcliough generally either fclie first 
01 ' one of the first observed activities 
need not necessarily be so, 

Within the first twenty-four hours 
the cry may take on very definite 
meaning. A child whose clothing has 
become wet will frequently in the first 
day give a cry of protest. At first, 
this is often a short, staccato cry with 
intervals of silence and muscular relax¬ 
ation. It almost seems that the infant 
is waiting to see if any response will 
come to the demand for attention. If 
fchc respoiiae is prompt there is fre¬ 
quently no farther sound during the 
handling in changing from wet to dry 
clothing nor on being laid back in the 
bassinob. If, however, no attention 
is paid to the first cry, others follow 
until in many cases the cries come in 
quick succession with very short inter¬ 
vals between for the intake of breath. 
If the infant woiks itself into a fury 
of crying, it will frequently continue 
during the process of handling and die 
into a wail and sobbing cry after being 
returned to the bassinet. In such 
instances there will frequently be seen 
the repeated intake of a sobbing 
breath after the child has dropped 
to sloop. When the cry reaches the 
state of continuous protest, it is gener¬ 
ally accompanied by a vigorous kicking 
of the feet and a less rhythmic but 
rather constant waving of the hands. 
Some infants in this fury of crying 
will hold the breath until they are 
purple in the face giving a very good 
picture of the temper tantrum. 

It is customary to find that a child 
wliicli is crying in thi.s unre.strained 
fashion will iuish immediately upon 
being lifted out of its bed and remain 


quiet even when .some moments clapso 
before its real wants can lie given 
attention. Thi.s has been repea(.ccliy 
observed as early as the first three days 
of life. In one nui'scry whore thci’C 
was an average of aboiifc twelve babies 
it was custoinavy for the nurses to take 
up one child iiftcv anotl\er, dry it, and 
put it back in its basket. When all 
the babies wore chiod tlioy would then 
he carried out to the niothcr.s to nurse. 
Frequently babies would bo discovored 
crying who were not wot. Tills could 
be accounted for by Ininger as it ivas 
nursing time. Such lialues, wlmn 
luindlcd and discoverod to he dry, 
would be placed back in the basket 
awaiting coinplctiou of the propariition 
of all the babies bo go out to imrsing. 
Such babies wem often observed to 
quiet down and remain quiet ’with 
widely open eyes during this waiting 
perior), altlmugh no wnut, except 
possibly that of being Imnclleci, laid 
been supplied. If, liow^ovcr, more tliau 
n limited amount of time clapHcd be¬ 
fore they were taken out to nurse they 
would again take up tlio cry. Tliis 
had all the appcaraiico of awaiting the 
completion of the satisfaction of their 
wants which as such could only bo 
asci'ibed to learning. 

The cry of the new-btira vario.s in 
pitch, intensity, and continuity suid to 
one accu.stomed bo caring for babies 
has in it elements considered as ex- 
presvsing emotion. T)ie emotions at¬ 
tributed to die infant on (lie Imsi.s of 
the difference in the type of its cry 
at dilTercnb limes are gimoral discom¬ 
fort, actual ja\in, and rage. Sonu^ 
people wlio care for infants would add 
a fourth ns Juinger. U seems didicult 
to distinguish the cry when Iiuugry 
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from tliab of scciiiinK p^enml discom¬ 
fort Tho quality of the cry wlieii 
oxprcRsinf^ general cliscoinfort is mthcY 
monotonous in pitch, slaccato-lihc 
and intermittent at first becoming 
gvadiVcdly more incessant but without 
r(M'y long tonal quality- Tbc coiuU- 
tioii called pain is incUcatecl by a rise 
ill pitch from the inception of the cry to 
its completion. This gives the impres¬ 
sion commonly spolccn of ns plDrcing 
or shrill. If the pain is accoinpauied 
by au inercasiiiK physical wenkness this 
may drop to a moan, but even in this 
latter state the rising inflection is often 
noted. The cry attributed to rage is 
chiiruclcrizcd by ti greater duration of 
tone, although froqnenfcly the sound 
drops out eiibiroly, while the mouth is 
still wide open, tho breath is still held, 
and the luce bcconics almost purple. 
In thi.s typo of cry the mouth is more, 
widely opened and the dropping away 
of the sound seems to be due to the 
closing of the aiv passages at the throat, 
while the mouth is still open. 'This 
would account for the jnirpling of tho 
face and the whole picture is an excel¬ 
lent representation of rage whcbVier tile 
cliild iins that emotion or not. The 
child crying in Ibis inimiier can rarely 
stop crying as quickly as can he done 
in the cry from discomfort. It is in 
this type of cry that most frequently 
tears are seen in the very young infant, 
iind thi.s also i.s the cry which is most 
npt to be fob owed mtermittent soh- 
hrng breaths affer the wants liiivc been 
nitoidevl to mul even after the infant 
Juis fallen n.sleep. This type of cry has 
^YUll it a peculiar, characteristic nui.s- 
cuhir activity, 'tlie kicking of Uie 
feet is not so viiythmie ns in the more 
nuicicikinciuK cry ascrihed to hunger, 


The movement is more abrupt and 
given with more vigor. The knees are 
frequently drawn up to the abdomen 
and both feet thrust out simultan¬ 
eously instead of with alternating 
movement as is the customary action. 

One infant, the seventeenth of this 
series, had every appearance of intelli¬ 
gently demanding attention as a pleas¬ 
ure satisfaction and knowing when it 
was gY anted, Tv o\n biv th vt as an \\\\- 
usually pretty baby and consequently 
was fondled, by some of the nurses, 
more often than any nf the other bab¬ 
ies. By the sixth day it was noted in 
the nursery that this baby cried fre¬ 
quently when neither hungry nor wet 
and that the cry would cease immedi¬ 
ately when and during the time it was 
fondled, generally taking up the cry as 
soon ns it was put back in the bassinet. 
The infant seemed in a normal physi¬ 
cal condition so the general conclusion 
in the nursery was that it desired at¬ 
tention, expressing its desire with a cry 
and showed satisfaction and content 
when this desire was granted. This 
tendency was well developed by the 
sixth day. As has been said above, 
tho First cry may be entirely reflex but 
thereafter it very soon has the appear¬ 
ance of Icurniug and of functioning as 
the expression of desire ns well as 
emotion. 

MTJSCULrAR ACTIVITY 

The quiescent child assumes, in the 
period following close upon birbli^ a 
position somewhat similar to the posi¬ 
tion in iitero. It has often been ob¬ 
served that in handling a new-born 
child tluring the first bath tliat intense 
crying nearly always is evoked when 
the lower limbs are straightened to a 
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line parallel to the line of the verte¬ 
brae, and alfio when the arms aixi lifted 
directly out from the aide on a line 
from the shoulder. The writer has 
frequently thought that the neeeKsaL’ 3 f 
straightening of the limbs in complet¬ 
ing the birtli passage may be one of 
the important stimuli in setting up 
biie all important birth cry. This 
seems to be a tenable assumption to 
malm in view of the previously noted 
fact that this cry comes most unfail¬ 
ingly with the quickly expulsive de¬ 
livery of the iiiuUipara and as this 
type of delivery means sudden 
straightening of the body line it may 
well constitute the first kinesthetic 
pain or discomfort and be the neces¬ 
sary stimulus for the cry. 

In speaking of this early post-natal 
position Lowclen (6) inakes the com¬ 
ment ^'The legs are drawn up as in 
foota] life/'' and Moore (7) reports, 
^'Immediately after birth, the child 
continued to lie in a position which 
closely resembled that of the foetus. 
The early movements were generally 
conditioned in range and direction, 
by the maintenance of this position." 

The infant, however, exercises at 
times the greatest activity with arms 
and legs, kicking and slashing in all 
directions, and this with some infants 
from the moment of birth. KolYka 
(5), says, "We find the new-born 
child capable of movement whenever 
external stimuli come in contact with 
his senses; that is, whenever the 
equilibrium of his condition is dis¬ 
turbed." This activity is sometimes 
seen oven before birth is completed, 
One infant, a multi para presentation, 
after tlm delivery of the head and tlie 
hiiiul, quick as a flash before the vest 


of the body could follow grapsed the 
vulva. The cxpiiisivc power of the 
uterine conbraebions brolco this hold, 
and it immediately grasped the cord so 
firmly it proved difficult to loosen fclm 
tiny fingers. The infants are fre¬ 
quently obscrvorl to grasp tlio coj'cl, 
and also the iiistnimenb, tlic doctor's 
finger or si bib of gau/c in tiro first fmv 
moments of life, even before the cord is 
tied. It has been said that this grasp¬ 
ing is LX reflex as they so quickly grasp 
whatever touches tlio hand, but like 
the sucking reflex, it is not invariiibly 
present. 

The procedure in this tost was ns 
follows; After re])eated trials tlie (ex¬ 
perimenter found that the infant 
grasped her blniinb ns readily and /i.s 
firmly as it did the wooden rod used 
by some other workoi’. The u.so of blio 
thumbs laid the advantage, iii tliat 
the o.vpej’imenter could feel w))(?n tho 
infant's hands were slipping and close 
her own figures down ovqy the tiny 
ones of the infant before the baliy 
fell and so prevent the slioelc of falling* 
It seems unwise to cause uimec(^ssary 
startle to a new-born babe when wo 
know so little of the coiulitiun of tliu 
nervous -sy-stojn at this lime and so 
cannot judge what these shocks' fuay 
mean in the ultinnite developjiieut of 
the nervous system luul cinotioiitd life. 

Grasping is rulhcM’ generjilly found 
and in some pcM’sists in a marked degree 
for the entire ten days and prolailfiy 
longer. Some workevs linve roiiorhal 
as viny strong :il: birth and rc)mrL llu^ 
child as able to Hup(iorfc its own weiglil, 
with tills grasp. Tim wrilev has 
fouiul this tvu(‘ wilii a few isokUed cases 
but jn.)b in the iniijovily. Wilh this 
grouj) the slroiiglh of grasp has 
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fRifficionfc, with some, to merely lift 
tlio shoulders from the table wliilc the 
back, benb as a bow, permits the head 
find buttocks to touch; others wore 
iiblc to support the weight of tlie head 
luul shoulders; and a very few, that of 
tlic entirc body. One noticeable fac¬ 
tor was that many of the infants who 
had the alhlity at birtli to support a 
[iiirt or the whole of the body, would 
lose it in the days immediately follow¬ 
ing but after a few cl«ays, which time 
aoemed to correspond fairly well with 
die period of star'N^ation, would again 
show the ability. As the greater 
number could support only the shoul¬ 
ders or at most the shoulders and head 
this decline in ability referred largely 
to that power. It soornod a rather 
rcinark[ible fact that nearly all the 
infants who acquired the ability to sup¬ 
port the body weight retained it from 
the clay acquired until the end of the 
tenth day when the study closed. 

In Plate I, C, arc shown the feet of a 
baby sustaining its own wciglit by the 
grasp of its hands. This is the char¬ 
acteristic position of thc^ feet during 
this experiment, as they arc always 
drawn up as in utcro. It is the infant 
whose grasp during tlie act of birtli was 
so remarkable. This picture also illus¬ 
trates that the Biibinski reaction may 
be induced by other stimuli. It is 
shown very clearly Ircre and in both 
feet at the same time. This reac¬ 
tion frequently occurs during suspen¬ 
sion, Jlerc as in some otiicr reactions 
studied, either practice increases the 
strength and surety of the reac¬ 
tion or else the I'oactioii is more cer¬ 
tain to appear with increasing age dur¬ 
ing tliese earliest days, l^vidcnce 
of the ability to sustain weight is seen 


-in figures 3, 4, and 15 whicli show the 
number of cases developing the ability, 
for the first time, in each of the first 
ten days of life. A.s reported carlioi’, 
when once present the ability was 
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Piu. 3, OiiAsr svi'i'n Lirr ok Siioiii,ih;rs; 
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never entirely lost during the leu days, 
althougli (be infant could not ^ilwa 3 ^s 
be stimulated to so react hut only dur¬ 
ing its pei‘io<l of greatest activity, 
when it seemed to bo [iinst wide? awake. 
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Anofhor activity Avhich may be indi- under the chest. Some really striking 
cativc of tlic development of the infant results were seen from this procedure, 
is that of lifting the head when placed One infant on the second day pulled 
prone oil the face, The procedure the knees up, then pulled the elbows 
here wii-i to place the child face doivii forward and raised the head at right 
on a liard surface, tabic if po.ssihlc, angles to the line of the spine and 
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MEXICAiVS 

Pin. 4. Lift or Entiiir Hody 


with the face, down flat aucl tliG arms 
tuul legs ftlraightonecl out from under 
the body as nuidi as possible. The 
rOiiclion was Lo turn the head to one 
Bide, lifL tile head, draw the knees up 
under the V)udy, and the elbows in 
Lo tljosirlo with, fmiuontly, the elbow 
or bunds brought ulinost togother 
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Fig. 5 . Lift of Siiouldehs 


turned the licacl f]-ojn side to xSido a.s 
though looking about. After a few' 
seconds of this the right arm straight¬ 
ened out so thiit the wciglit wa.s trans¬ 
ferred from the elbow to the hand and 
with a little extra push the infiint 
rolled over on its back, to the left. 
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The movcrnciib waH acco?nplished so 
slowly, in all about forty-five seconds, 
that the infant was not at all fright¬ 
ened or disturbed by the change of 
position, but lay '‘looking’' up and 
around it. Unfortunatety not being 
prepared for this incident, no plioto- 
graph was obtained of it. The same 
infant showed far greater facility, in 
movements of this kind, than the 
average, but never duplicated the 
whole procedure during the ten days. 
It may be avgU to note here that in 
much of this experimenting the in¬ 
fant was without clothing or had only 
a shirt and diaper. The average 
infant would probably'' develop better 
muscle control if not so hampered by 
I’ostricting clothing and other barriers. 

The position to which the infant 
brings itself when lifting the head is 
well illustrated in Plate II, A, where 
the knees are ^YeU forward and the 
elbows to the sides and the hands 
under the chest. "With the head up 
in this manner he could turn it several 
Limes before it would drop down as 
though a bib too heavy for sustained 
mipporb. The ability to lift both liead 
and legs at the same time, resting only 
on the abdomen and pushing up with 
the hands is also illustrated in Plate 
II, 7k This picture was taken on 
the tenth day but the same reaction 
w^as seen from the second day on. 
Plate II, C, shows the same position 
but this infant had very remarkablo 
muscular strength. This picture ta¬ 
ken on the sixth day represents a reac¬ 
tion seen from the first day. The 
child was delivered by a Caesarian 
section so was not exhausted by a 
long labor and doUvery. The hands 
arc both visible and it was notable that 


the baby, remaining in this position, 
head well up, would sliift the weight 
from one elbow to the other and move 
the free hand turning it over. In the 
picture the weight is in the left elbow 
and forearm wliilc the infant turns 
to the right and moves its right hand 
rather freely. 

In this group, there Avero 10 infants 
that lifted the head avcU off the table 
during the first twenty minutes of life 
and of these 4 pulled the knees well 
forward, up under the body. As 
infants .so often sleep inoi'e quietly on 
the face than on the buck or side it is 
Avcll bo early learn their ability bo 
move and adjust their position so 
that there need be no worry about 
smothering. 

The infant in Plate II, C, also a 
Caesarian section case, shoAved in 
creeping an exceptional muscular de¬ 
velopment and good coordination. 
When the picture was taken, unfor- 
turnatcly, the baby had lost its balance 
and the head Avent down but the fold 
in the baby's Idankeb which acted as a 
table cover show the direction of tra¬ 
vel. In all the bal)y nuulc several 
inches of progress, and this on the fifth 
day. Another infant on the eighth 
day crept forAvard fi Indies (the full 
length of space on the talde until the 
head touched the Avail) tAvice in oiu^ 
minute. After the first forward creej)- 
ing the experimenter pulled the infant 
back by the feet, thus .strtiigtoiiing the 
legs but the baby jnilled up and 
covered the distance the second lime. 
This infant covered the C> inches Avith 
the head in the air. This, iuns^cvei', was 
an unexpected perl'orJnance and the 
camera was not ready for a ]:)icture. 
The final picture of this series, Pluto LI, 
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JJ, represents an infant whose delivery 
had been prolonged especially in the 
second stage and was finally inter¬ 
rupted by a forceps operation. The 
infant's head was much molded with 
coAvSiderable overlapping of the frontal 
and occipital parietal bones. This 
infant lifted and turned its head at 
times but was apt to collapse into 
this prone position or frequently to 
remain in this position seemingly un¬ 
able to lift head or at least receiving no 
flUmulug to lift up as is the custom of 
moat of the babies in these first days. 
TJiis is the same infant that showed 
the remarkably clear plantar reaction 
up to the third day and the equally 
clear Babinaki on the fifth day and 
thereafter. Two other infants, when 
turned on the face and given some¬ 
thing against which to press the feet, 
displayed the ability to move forward 
in creeping fashion in these first ten 
days. One moved across the table 
(IS inches) twice on the seventh day 
and was able to repeat the performance 
each day thereafter during the study, 
The other exhibited this ability the 
first time on the ninth day and re¬ 
peated again on the tenth day, I2acli 
of these last mentioned infants was a 
primipara but, although delivered by 
different physicians, each was assisted 
by a mid-foroepa delivery, and was in 
splendid condition showing good mus¬ 
cular activity immediately after birth^ 
also gave a vigorous cry, opened their 
eyes immediately after delivery and 
gave an early appearance of all ex¬ 
pected reactions. 

In the last group of 35 infants in this 
study^ 9 were primiparas with the 
assistance given of a mid-forcepa 
delivery, in each case the doctor 


Responses of Infants 

stating that otherwise the labor would 
have been greatly prolonged. It is 
interesting to note that 8 of tlieac 9 
showed notable muscular activity and 
a nornutl breathing immediately after 
birth; and tlic expected mactions in 
all other circumstances. They wove 
not as exhausted as many primipaias 
who come through an unnssisLcd labor. 

An interesting form of coordination 
of movement was shown by a new¬ 
born who was delivered with forceps, 
had heart-beats, 35 per minute, and res¬ 
piration not act up. Resuscitation was 
resorted to (the warm and cool bath). 
While the infant was in the warm bath 
before respiration was well set up it 
suddenly began a treading motion with 
its feet which was perfectly rhythmic 
and regularly alternating at the rate 
of 80 per minute, with the exception 
that in that time the left foot dropped 
10 beats while the right foot lost none. 
A doctor and two nurses were present 
with the infant and all counted momen¬ 
tarily to observe the rhythm. It had 
all the appearance of swimming as the 
body was aubrnerged all but the face. 

Another bit of muscular strength 
and control is shown in Plate I, 

The incident is us follows; The writer 
picked this baby up to pub it on the 
tabic for the picture of the head lifting. 
In putting the baby down its feet 
touched the table first and it imme¬ 
diately abiffoned bearing all its weight 
on its feet. Ilcaliring this the writer 
immediately I’cmovcd the right hantl 
and loosened the left hand so no sup¬ 
port was given, although afraid to take 
the left hand from behind the baby 
forfear it would crumple and fall. The 
camera was in ])ositioii so the writer 
cried out to the pliotographcr, in an 
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excited and piohably ahrill voice, 
"'Takn the picture, quick, quickIj” 
whereupon the infant lifted its head 
and aeemod to look directly into the 
face of the writer and apeaker and at 
the same time threw out its right hand 
and lifted the left arm and so main¬ 
tained its bnlnncG. It was at this 
moment tlio picture was snapped. 
It is interesting to note the way the 
tooa "dig in'' to the table and the 
little fingers lire extended as is clmrac- 
berifltic in balaiioing. Thia baby not 
only stood alone on the ninth day but 
appeared to hear the sharp sound of 
command and seemed to fixate the 
speaker's face. 

Conclusion 

1. The new-born Infant has con¬ 
siderable ability for sustained muscular 
activity and tension, 

2. Thia strength and ability haa a 
tendency to intiTcasc with the age of 
the infant. 

3. The movcnienba preparatory to 
lifting the bead appear similar in all 
infants. 

4. Creeping la possible oven in this 
voiy early period, as is also the power 
to support the body weight on the feet, 

5. In one instance tins Tomarkivblc 
muscular atrengtli and control was 
assoeiatctl with appearance of hearing 
and fixating. 

GENEHAL CONCLUSIONS 

The foregong study has led to some 
very definite conclusion concerning 
the variability in time of appearance 
and in constancy of human reactiona 
at birth and in the ten days iinincdi- 
atoly following birth. 


In ita reaction to light, the infant 
tends to show a greater reaction in the 
first three to five days than at any 
subsequent time and generally reneba 
more strongly during the sleeping than 
during the waking periods. Although 
the eyelids open voluntarily, as one 
of the earliest muscular activities, 
there is very little evidence that the 
eye will follow a light or point of 
brightness during the first ten days of 
life. Occasionally, however, an in¬ 
fant will appear to fixate during these 
early days for a notable period of time. 

The evidences of hearing do nob 
come in these first ten days as a usual 
thing but tliey arc occasioiially found 
from the third to the seventh day. 
Such evidences usually come in re¬ 
sponse to a sharp sound or high tone 
although more rarely the infant gives 
the appearance of listening to ordinary 
talking or crooning before the tenth 
day. 

In these early days the infant seems 
to bo sensitive to strong odors or to 
different tnate qualities; but to have 
the ability to adapt quite readily to 
that wliicli at first seems distasteful. 

Much has been said about the ap¬ 
pearance and significance of tlic Bab- 
inski reflex in the infant. Although it 
does nob appear at any given time and 
although it is nob always constant 
after its firat appearance some rather 
definite conclusions have been reached 
in this work, As an example, we find 
in the majority of white children this 
reflex may be expected within the first 
ten days, while with colored children 
it is rarely aeon by that time. Also 
there seem a to be a variation in the 
age at which it can be elicited in the 
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child juvaltG and iu the child asleep. 
The stroluug of the sole of the foot is 
not the only stimulus which excites 
the reaction and tlicre sceina to be a 
tendency for the reaction to appear in 
the left foot before it is seen in the 
right. 

One of the first activities, observed^ 
namely, the cry, certainly shows wide 
variation in pitch, intensity and con¬ 
tinuity, and if carefully studied may 
throw much light on the early develop' 
ment of emotions. While the fii*ab cry 
may be merely a reflex, early subse¬ 


quent cries certainly bear the appear¬ 
ance of the result of learning. 

The new-born infant has consider¬ 
able aV)iliby for sustained inascular 
activity and tension, and this strength 
has a tcdency to increase with age in 
the nonnal child. The movements 
preparatory to lifting the head^ when 
lying face down appear similar in all 
infants and ratheu more purposeful 
than random. Creeping is possible 
with some infants in the first week aa 
is also the power to support the entire 
body weight on the feet. 
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Comparative Youth 

The Physical Aspect* 

T. Wingate Todd 


EPIPHYatAIi UNrOlNT 

I T IS aufficiently obvious that the 
actual duration of infancy, child¬ 
hood and youth varies enorm¬ 
ously in different mammals. A rat 
reaches skeletal maturity in little more 
than two months, a dog in less than 
two years, a gorilla in approximately 
soven years^ and a human being in 
about twenty. The relation of these 
periods to total life span cannot at 
present be estimated and indeed in all 
creatures except man the duration of 
life is a, matter of accidental environ¬ 
ment: it often terminates soon after 
or even before maturity ia stabilized. 
Hinton, for example records his ex¬ 
perience that in many thousands of 
modern and fossil arvicola (a field 
mouse) he has met with only two skele¬ 
tons in which the epiphj^ses are united 
(T). 

Elsewhere we have shown that cur¬ 
rent estimates of the age of union of 
epiphyses in man are inadequate in 
that they unjustifiably postulate au 
inherent groat variability in time rela¬ 
tionship which altogether obscures the 
age-order of union. While it ia true 
that there is variability and that the 
scatter is greatest in the period be¬ 
tween eleven and fifteen years of hu- 

*I^roin the IJfimann Miiscuin, Western 
Rcaorve University, Cleveland, Oliio. 


man life, the assumption of natural 
variability ia miwarrantod. Investi¬ 
gators have been misled by circum- 
sbances. 

First the amount of skeletal material 
upon which the classic and traditional 
estimates are based is altogether too 
scanty for reliance. Observations liavc 
been copied from one account to 
another with slight alterations based 
upon evidence of no real worth. Moat 
modern accounts can bo traced to [that 
of Hcnlc in Gottingen in 1871 (G). 

Secondly, radiographers, relying 
upon the essential accuracy of ac¬ 
counts in antitomical texts and lackiug 
the actual material with which to com¬ 
pare their roentgenograms, have as- 
auined reliability for their observations 
on date of union of luassivo epiphyses 
like those at tlic l^ncG or hip. They 
have failed to realize that the medley 
of overlapping shadows renders im¬ 
possible the reading of such rocubgciio- 
grama without a thorough collateral 
training on actual anatomical material. 
They have not realized, ns yet, that 
the occuiTenco of Hellmankq stages (5) 
in preparation for union confuse blie 
roentgcnographic appearance for large 
diaphyso-cpiphysial junctions. Their 
observations on these areas, numer¬ 
ous though tliey be, cany no weight at 
all in spite of impressive fig\u-os. 

Thirdly, ilivestigabors have failed to 
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rccognizo Uie pcculirir complexities*^ of 
the limnftu imituvation schedule, being 
unaware of the manner in which this 
grows out of the primate pattern with 
extensive delays and scatter during 
puberty and the prepubertal period 
but presenting equally striking uni¬ 
formity before and after these years. 
The evident erratic character of epi¬ 
physial union in hand and foot, oc¬ 
curring as it docs in tliis period of ir¬ 
regularity, is no criterion of the time 
relationship of skeletal maturation 
clfiGwhcrc. 

In this confusion it ia imperative 
that the whole problem of skeletnl 
maturation bo investigated afresh and 
the human pattern elucidated by com¬ 
parison with those of other mammals. 
Since wc have only the scantiest in¬ 
formation regarding the time rela¬ 
tionships of the various features of 
skeletal maturation in mammals it is 
obvious that we start by investigating 
the maturation pattern without con¬ 
sideration of chronological age. Our 
themes then must be four, taken in 
scries, and for the present our attention 
will bn directed to actual epiphysial 
union, 

1. Tlie order of epiphysial union. 

2. The time relationship of epiphy¬ 

sial union, 

3. Experimental and other evidence 

of modifications in this time re¬ 
lationship, 

4. Local expression of irregularities 

in skeletal maturation in epi¬ 
physes which ossify only in 
part like those of the human 
clavicle and symphysis pubis, 

Some years ago Stevenson, under my 
direction, published an account of the 
age order of hum an epiphysial union in 


one of the most stable periods of hu¬ 
man development, namely the early 
adult years between eighteen and 
twenty two (14). Our conclusions, 
there stated, have often been called in 
question but never proved inaccurate. 
Critics have produced no valid mate¬ 
rial to Justify their objections. Some 
have relied upon their assumption 
that without control of observation 
upon actual skeletons they could 
identify union by roentgcnographic 
methods, altogether oblivious of the 
fact that overlapping shadows present 
a misleading appearance of continuity 
in bone tissue (11,12,13), Other critics 
have utilized mammalian material in 
which the occurrence of pathological 
anomalies has been conceded (1, 2). 
The Hamann Museum of Western Re¬ 
serve University, alone among insti¬ 
tutions, houses a large enough colloc- 
tion of human skeletons from known 
individuals to make such an inquiry 
possible and we stand in no fear that 
our observations will ever be success¬ 
fully refuted. 

For the elucidation of this problem 
of agc-charactcrs in the skeleton we 
have at our disposal and have carefully 
studied eighteen hundred hiimau skele¬ 
tons of known persons including more 
than two hundred young people and 
adolescents, more than a thousand 
mammalian akoletoiis including one 
hundred and fifty anthropoids. All 
the human material and most of the 
mammalian skeletons arc in the Ha¬ 
mann Museum. The majority of the 
remaining mammalian skeletons were 
examined, by the courtesy of Sir Arthur 
Keitli, in the Museum of the Royal 
College of Surgeons, London. A com¬ 
paratively few skeletons were found in 
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the American Museum of Natural His- 
(oiy>New York^ the Natiorial Museum, 
Wftfihington and the Field Museum, 
Chicago. Observations on certain of 
the skeletons in these latter American 
cDllectiona were made by Stevenson 
but all the Heserve and College of 
Surgeons material and most of the 
small American series have been stud¬ 
ied by myself. 

THE DETEHMINATION of OllDEn OF 
UNION. 

It aecma a very simple matter to ar¬ 
range the epiphysial fusions in order 
but in practice difficulties arise through 
the imperfections which are found in 
skeletal material even under the most 
assiduous care. It may be, for exam¬ 
ple, that in skinning the animal the 
fingers and toes have been mutilated, 
or that in transport home from the 
field a part of one limb has been lost 
or possibly important bones like the 
clavicles. Then again some bones are 
missing in certain animals or so greatly 
modified that they lose their signifi¬ 
cance and themselves constitute a 
problem for investigation. Notable 
among these are clavicles, fibula, meta¬ 
carp als, metatarsals, cervical vertebrae, 
pelvic girdle and hind limbs. Even 
if it ia desired only to compare sequence 
of union within a single mammalian 
order some scheme must be devised to 
eliminate this difficulty. If the investi¬ 
gation be of larger scope the need is 
correspondingly more urgent. 

The method used is, in esaonco, very 
simple. The several stages of fusion 
are evaluated. The evaluations for a 
particular epiphysis in all skeletons 
are summated and divided by the total 
number of skeletons in which that epi¬ 


physis ia found. The record is Iccpb in 
its fractional form and, for compari¬ 
son, is reduced to a least common de¬ 
nominator for the group of material 
under investigation. In a certain 
group of rodents, for example, there 
were 51 skeletons, Of these, owing to 
defects, 50 had humeri, 49 had radih 
Only 32 bad acromion processes since 
these bone elements arc often lacking 
in rodents. To compare the results 
of our observations on these epiphyses 
our fractional figures had to be re¬ 
duced to a least common denominator 
of 61. The actual evaluations arc no 
union 0; commencing union 1; recent 
union 3; complete union 4. 

The precise amount of union dis¬ 
played in any series of si cole tons de¬ 
pends on the scatter of the several 
skeletons over bho life span. So many 
diverse factors enter into the acciden¬ 
tal determination of the series that it 
ia unnecessary to make an enumera¬ 
tion, Some interpretation can be at¬ 
tempted in the chapters dealing with 
the several orders. Clumping, or, at 
the other extreme, wide dispersal of 
union in tlie several epiphysial mtes 
may be merely au expression of the 
portion of the life span covered by the 
particular scries of skeletons. 

FBATUIIES OP BIUPIIYSIAL UNION 

Most epiphyses, as Parsons ahosved 
(10), form a more or less perfect caj) 
so that, when embedded in deep soft 
tissue fts nt the hip, or when large and 
complicated as at the knee, tlie roent¬ 
genogram may yield but little informa¬ 
tion of the precise state of Lhc di- 
aphyso-cpiphysial junction except to 
those observers who have carefully 
checked their roentgenograms on the 
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Qctunl skeleton from which they were 
niade, TJio only workers who have 
had adequate opportunity to do this 
are the little band of inveatigatora in 
Western Reserve University. 

Before actual union occurs there is a 
narrowing of the diaphyao-epiphyaial 
gap, described by Heilman (5), with a 
slight condensation of bone tissue at 
the adjacent surfacGs of diaphysis and 
epiphysiB shown on roentgenograma 
na an indefinitely outlined whitish mar¬ 
gin. When union commences it oc¬ 
curs erratically in the depths of the 
diaphyso-epiphysial plane and occurs 
last on the surface of the bone. The 
skeleton plainly shows first the close 
approximation of epiphysis to shaft 
with progressive narrowing of the gap 
and later an increasing fusion of the 
two bone dements. In the fresh bone 
there is n fine red line marking the site 
of nnion for about six months after the 
fusion is perfected, This stage we call 
recent union, The red lino then be¬ 
comes transformed into a white scar 
which ill some places, lower end of 
radius and ulna for example, disap- 
peiira usually in a few months but in 
others, such as the knee, may remain 
throughout lifo in modified form. 
When the white scar has developed we 
call tho union complete. These fea- 
tuTCB are just as plainly apparent in 
other mammals aa in man and can be 
readily demonstrated by a little care¬ 
ful dissection. 

comparative ohdeh of union 

Among existing orders of mammala 
there are 2 which aro essentially priini- 
Live, providing opportunity for etiidy 
of epiphysial union, namely the inscc- 
tlvorcs and the rodents. Tho former 


have adopted a safe mode of life which 
onablcs them to live long, They arc 
comparatively rare in collections, are 
difficult to procure and, because of 
their relative immunity to capture, are 
often aged when obtained, The ro¬ 
dents on the contrary are easily obtain¬ 
able and often gregarious. Then tend 
to die young, in groups,^ so that they 
are numerous in museums and their 
ekeletona usually show the unmiatak- 
able signs of adolescence or early ma¬ 
turity, Hence we shall utilize them as 
a starting point for our description. 

It is not my intention at this time bo 
present a detailed discussion of the 
order of union among the skeletal epi¬ 
physes, It will be sufficient to point 
out the general similarity of order pat¬ 
tern as an indication of the manner in 
which epiphysial union, as a manifeata- 
tion of skeletal maturation, may be 
utilized to identify comparable points 
in the life-spans of very different ani¬ 
mals. I have drawn up a table based 
upon the records of somewhat less than 
four hundred mammals from some of 
the earlier work, the later amplified 
tabulations being not yet completed. 
This table includcB simply the epiphy¬ 
ses of the long limb bones excluding 
those of hand and foot. It covers all 
the primates and makes use of tho ro¬ 
dents as an illustration of the relatively 
slight divergence to be found between 
vastly different mammalian orders. 

The distal epiphysis of the humerus 
is the first to unite except in gorilla 
where the proximal epiphysis of the 
ulna unites slightly before it. The 
last epiphysis to fuse is the proximal 
end of the humerus though in ovangs 
and gorillns the distal ends of radius 
and ulna lag somewhat behind it. 
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There is no great lapse of time between 
union of these three epiphyses in any 
of the higher primates. In man and 
cliimpanzeea radius and ulna precede 
humerus by a very short time and in 
gibbons all three unite together. 

The medial epicondyle of the hu¬ 
merus closely follows the distal ex¬ 
tremity in date of union. In anthro¬ 
poids, except gorilla mentioned above, 
and in man the proximal end of the 
ulna unites in point of time between 
these epiphyses. There is however no 
great alteration in date of union of 
proximal ulna in these animals from 
the date in lower primates. In nil it 
has attained a much earlier union than 
in rodents in which it fuses compara¬ 
tively late. This epiphysis is the only 
one of those in the arm under con- 
eideration to show a marked change 
in order of union when primates and 
Todenta are compared. 

As for the epiphyses of the leg, those 
nt upper end of femur always unite 
first in primates. In man and the 
large black anthropoids they are com¬ 
paratively early in their fusion. Then 
follow distal tibia and fibula. Distal 
femur with proximal tibia and fibula 
unite last of the leg epiphyses and 
close together in time, the precise order 
varying slightly from one genus to 
another. In rodents the order is but 
little different. The same three epi¬ 
physes are the last to fuse but distal 
tibia and fibula climb to a position 
among the fusions at upper end of 
femur. 

Were it possible to continue this 
survey without regard for space it 
would be possible to demonstrate a 
like similarity in epiphysial union over 
the entire skeleton. This demonstra¬ 


tion must however await the complete 
pul)lication of our researches. The 
claim has been illustrated tliat through¬ 
out the mammalia there is a definite 
and approximately uniform order of 
epiphysial union, modified indeed by 
influences quite imperfectly under¬ 
stood, but holding valid in the main. 
This uniformity is definite enough to 
enable us to identify the several phases 
in maturation of the mainmalian skele¬ 
ton and to compare with assurance 
identical phases in animals belonging 
to a single order. For the present 
purpose it flufiices to restrict our at¬ 
tention to the anthropoids. 

TOOTH EHUPTIOK and BICELETAU 
MATURATION 

From the examination of our im¬ 
mature anthropoid skeletons it is ap¬ 
parent that tooth eruption and epi¬ 
physial union progress together and 
that their inter-relationship is similar 
to that shown in human skeletons. 

The subject of tooth eruption in 
anthropoids has been made a special 
study by ICrogman (9) whose rcsulta 
are set forth in an article shortly to be 
published. 

The dates of eruption of canines, 
premolars and second molars in man 
are subject to quite considerable vana- 
tion l3Ut this, as wc shall sec, is a neces¬ 
sary coiTollary of the specific human 
adolescent lag whicli wc arc later to 
discuss. 

Tooth eruption, like skeletal ma¬ 
turation of wliich one feature is epi¬ 
physial union, can be violently dis¬ 
organized by certain pathological 
states. In a series of thyroidectomized 
sheep for which wc have bo thank the 
late Professor Sutherland Simpson and 
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Doctor n. S. Liddell of Cornell Uni- pared by Stevenaon on the Reserve 
versity wc have found repression of all human skeletons (14). 
altcletal maturation so that tooth eriip- The opinion of ICeith in 1899 (8) 

tlon and epiphysial union alike are that the permanent teeth of the an- 
gieatly delayed. Further than this thropoids are probably in place by tlio 
one need not go at the moment. It ia fourteenth year should perhaps be 
evident however that conditions of somewhat modified by the observa- 
captivity may retard akelotal matura- tiona on Congo in which the permanent 
tion. This, I believe, may be the ex- set was already complete except for 
planafcion of Ziiekciman’a claim, from the third molars and the canines, 
the study of live chimpanzees at the Krogman working upon our anthvo- 
Loiidon Zoo, that dates of tooth erup- poid and Old World Ape material has 
lion in the chimpanzee are practically stated the dates of eruption of teeth 
the same as those for man (18). in terms of epiphysial union (9). On 

Basing our concluaiona in the first the basis of this comparison he notes 
place upon such fragmentary observa- that although tooth eruption in these 
tions as have bcon made upon the primates does not slavishly follow the 
probable actual chronological age oE human pattern, yet, for practical pur- 
anthropoida examined in captivity and poses, at a given comparable cpiphy- 
upon the records of their tooth erup- aial age the permanent teeth erupted 
tion, but amplifying these with our are the same. “This docs not bespeak 
own quite extensive examinations of identity in actual years but infers a 
anthropoid akcletona v?e may state in practically uniform chronological se- 
general terras that an anthropoid of quence. It must be recognized that 
twelve monbha corresponds in de- the entire growth process in anthro- 
velopment to a human being of two poids ia accomplished in fewer years 
years, that an anthropoid of four yoara than in man, especially after the period 
corresponds to a child of five, an an- of infancy." 
thropoid of six years to a child of 

twelve and m anthropoid of seven adolescent lag 

years to a youth of twenty.'^ For this The comparison of weight curves 
last conclusion we are indebted to the during the first year of life made l)y 

comprehenaive work of Doctor Yerkes Dodge (3), shows a progressively di- 
on Congo, a mountain gorilla (15,16). minishing scatter in both males and 
The akclcton of this animal, approxi- females. The Misses Hcjinian and 
mat cl y seven years old, was sent to Hatfc, working at the Mcrrill-Paliner 
Doctor A. H. Schultz in Baltimore. School (4), have shown the stable and 
Through the courtesy of Doctor rather uniform character in progress of 
Schultz both Doctor ICrogmiin and I development in boys and girls between 
examined the skeleton and each iude- one and five years. Our own observa- 
pondcntly assigned to it a maturation tiona during the past four years on 
comparidAe between eighteen and nine- boys and girls from five to thirteen 
teen years of human life, utilizing for years, now in process of publication, 
this decision the cpiphyeial keys pre- demonstrates that there ia a minor pro- 
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grcssivfi acceleration of female alceletnl 
maturation between six and eight 
years. During the period eight to nine 
years the females slow up so that the 
male maturation reaches t\mi of the 
female at about the latter date. At 
ten years the girls again advance a head 
o[ the boys and, shortly after the 
thirteenth birthday, are already at the 
etngc reached in the boys about the 
fifteenth birthday. Thereafter they 
alow down once move and at about six¬ 
teen years and a half the maturation 
of the male skeleton has finally caught 
up that of the female. From this 
date onwards an increasing stabiliza¬ 
tion ia significantly apparent and the 
years eighteen to twenty-two are re¬ 
markable for the uniform maturation 
of the skeleton in males and females 
which both keep to the same schedule. 
It is the stabilization at the approach 
of adult life between the eighteenth 
and twenty-second birthdays which 
we emphasized in Stevenson’s article. 
Such adverse criticism as this demon¬ 
stration has met is based upon lack of 
understanding of the manner of hu¬ 
man maturation in relation to that of 
other primates and to a fallacious be¬ 
lief in the ease with which roentgeiiu- 
graphic shadows of the larger 
diaphyso-Gpiphysial areas can be in¬ 
terpreted. We must again emphat¬ 
ically point out that those who assume 
their infallibility in interpretation by 
roentgenograms alone of Heilman’s 
stages B. C. D. in the shoulder, hip, 
knee and even elbow, Avrisfc and anlcle, 
without careful training upon the ac¬ 
tual adolescent skeletons tJiemsclves, 
from which the roentgenograma have 
been jnacle, arc taking upon tbeir 
shoulders a heavy n.nd, likely enough a 
crushing^ burden. 


Such peculiarities as arc shown in 
the female accelerations between six 
and eight years and between ten and 
sixteen years, cannot occur without 
considerable scatter. It ia therefore 
quite to be expected that we should 
find, ns we do, a greater individual 
variability among girls than among 
boys. It ia here intended simply to 
lay stress upon general trends and not 
to detail specifically the range or dia- 
bribiition of examples. Many girls 
show no greater progress than the boys 
and some arc even retarded behind the 
boys. Questions relating to retarda¬ 
tion and noceloration must be dealt 
with in another communication. 

The scatter, both among boys and 
girls ia greater in the period of ten to 
sixteen years tlmn at earlier ages. In 
the light of our anthropoid studies this 
is intelligible. It ia a reasonabje corol¬ 
lary of the characteristically human 
and greatly extended developmental 
period of adolescence. 

This adolescent lag in human skele¬ 
tal maturation, with its corollary the 
adolescent scatter, ia quite the most 
fascinating and instructive problem 
which \vc have opened up in our stud¬ 
ies on growth. It ia the key to better 
understanding of multitudinous com¬ 
plexities and clifiiciiltica of the second 
decade. 

Adolescence is ti figment of the ma¬ 
ture imagination. The word itself ia 
abhorrent to tho.se to whom we apply 
it. The gorilla like all other mammals 
leaps from childhood to adulthood. 
The inception and maturation of its 
adult featnivs cover but a period of 
months. A churactcrisLic feature of 
man is his adolcBceul lag wheieby the 
development of liia adult characLera 
occupies as many years a.s it doca 
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moii(.h3 in the gorilla. This is the 
modern counterpart of the doctrine of 
human foefcalization. Wlien we note 
the divergence between different young 
people in the date and order of appear¬ 
ance of adult charnctcra® we are merely 
observing in exaggerated perspective 
similar irregularities which are com¬ 
mon to all mammals but are empha¬ 
sized in mankind on account of his 
adolescent lag. 

aUMMAtlY 

1. A detailed and comprehensive 
analyaia of mammalian epiphysial un¬ 
ion, accompanying a quite exhauetive 
investigation of this problem in man, 
shows the essential unity in order 
and relationship of epiphysial union 
throughout the mammalia. 

2. The occurrence of Heilman's 
stages Band C, namely the approxima¬ 
tion of epiphysial bone to diaphysis, 
before union is begun, can easily be 
identified in hand and foot, but in tho 
larger areas, shoulder, hip and knee, 
and even in elbow, wrist and ankle, 
obficurcB tho precise state of tho dia- 
phyeo-cpiphysial plane and renders in¬ 
terpretation fnllacioua. 

3. In order to check one's observa¬ 
tions on the roentgenogram it is es¬ 
sential to examine anatomically the 
very bone roentgenographed, Lack of 
such training lias led many honest 
workers into error. They have con¬ 
firmed the existing fallaciouB textbook 
Btatemcnta of date of union without 
realizing the inaccuracy of the method 
used. 

4. Applying a simple valuation to 
the state of the diaphyao-cpiphysial 


junction it is possible to express nu¬ 
merically the order of union and the 
relative period over which, for that 
particular group of skeletons whether 
human or mammalian, epiphysial 
union takes place, 

5. The dates of epiphysial union 
and eruption of permanent teeth are 
related so that they may be regarded, 
for this purpose, as different aspects of 
the same phenomenon. Both order- 
pattern and date of union or eruption 
can be and are modified by pathologi¬ 
cal conditions of the body. 

6. There is a chronological linkage 
for both epiphysial union and erup¬ 
tion of teeth which ia normally stable 
for a particular animal but varies with 
tlie order or genus. 

7- The special character of the 
primates ia a lag of maturation 
throughout infancy and childhood. 
Nevertheless even in them adult 
characters quickly reach complete de¬ 
velopment once they liave appeared. 

8- The particular feature of man's 
development is his adolescent lag, and 
the scatter in individual variation 
which ia most pronounced between 
eleven and fifteen years. The most 
stable and uniform periods of human 
slceletal development for both males 
and females are between one and five 
years and between eighteen and 
twenty-two years. 

notes 

Having had the privilege of sub¬ 
mitting this manuscript to Professor 
R, M. Ycrkca for criticism and com¬ 
ment I take the opportunity to add 
certain notes whicli will assist in 
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TABLE 1 

Order of opiphysial union ^lyith number of examples in each aeries 


HAN 

GoniLLAH (27) 

ClIlM^ANZEE9 (27) 

Hum. diet, 

Ulna prox. 

Hum. diat. 

Ulni prox- 

Hum. diat. 

Ulnn prox. 

Hum. mod. ep. 

L, troch. 

L. troch. 

L. broch. 

Fern, head 

Fern, head 

Fcm. head 

G, troch. 

G- troch. 

G, trocli* 

Hum- mcd. ep. 

Hum. mcd. op. 

Tib. dist. 

Rad. head 

Rad. head 

Fib, diet. 

Tib. disk. 

Fib. diab. 

Rad. head 

Fib. diat. 

Tib. diet, 

Tib. prox. 

Fern. diet. 

Fom, dist. 

FemiiT diab. 

Tib. prox. 

Tib, prox. 

Fib, prox. 

Fib. prox 

Fib. prox. 

Retd. diet. 

Hum. prox. 

Had. diat, 

Ulna. dist. 

, Had. diat. 

Ulna diob. 

Hum. prox. 

Ulna diet. 

Hum, prox. 

onANQB (22) 

1 OIDDONS (U) 

oi,n woniiD ADEB (77) 

Hum. diet. 

Hum. diet, 

Hum. diat. 

Ulnci prox. 

Ulna prox. ' 

Hum. mcd. cp, 

Hum. mod. ep. 

Hum, med. op. ' 

Ulna prox. 

Rad. head 

Had, head ' 

Radi head 

L. tTocU, 

L. troch, 1 

L. troch. 

G- troch. 

G. troch. 

Gi broch. 

Fern, head 

Fern, head ' 

Fern, head 

Tib. diat. 

Tib. dUt- ' 

Tib. diat. 

Fib. diat. 

Fib. diab. 

Fil). dist. 

Tib. prox. ’ 

Tib. prox. 

Fib. prox. 

Fib, prox. 1 

Fib. prox. 

Fern. dist. 

Fcm. diat. 

Femur diat. 

Tib. prox. 

Hum, prox. 

Rad. diat. 

Rad. diat. 

Rad, diat. 1 

Tllnn dist. 

Ulna diat. 

Ulna diat. 

Hum. prox. 

IIv\m. prox. 

HBW WOULD monkeys (afl) 

LEMUIIB (30) 

IIODKNTB (136) 

Hum. diet. 

Hum. diet. 

Hum. diat. 

Hum. med, cp. 

Hum. mod. cp. 

Hum. mod. cp. 

Ulna prox. 

Ulna prox. 

Rad, head 

Rad. head 

L. troch. 

L. Troch. 

Jj. troch. 

Fetn. head 

Tib. diat. 

F^m. head 

Rad. head 

Fein, liead 

G, troch. 

G. troch. 

Fib- diat. 

Fib. diet. 

Fib. diat. 

Ulna prox. 

Tib. diat. 

Tib. diat. 

G. troch. 

Fib, prox. 

Fib. prox. 

Fib. prox. 

Tib. prox. 

Tib. prox. 

Rad. diat. 

Rad, diat. 

Fern. diet. 

Ulna dist. 

Ulna diat. 

Rad. diat. 

Fcm. diat. 

Fern, dist. 

Ulna diet. 

Tib. prox. 

Hum. prox. 

Hum. prox. 

Hum. prox. 
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clarifying questiona which arise from 
the GoncluaioRs given in the text and 
the maimer of presentation. 

(1) R. M. y. Theao figures do not apply to 
growth (ai 7 -o) or soxual maturation. The 
gorilln fisfiurcdly is not fully grown abort of 
twelve years or rnoro. Congo was growing 
rapidly when I last obaorvecl her. 

T. W. T. Maturity in weight, sox and 
akoleton arc nob Hynchronoua. Our TGCorda 
on young adult woraon show iiicreaao in 
weight Lub not in climenaionfl after akolotal 
nmburation. Full female stature is attained 
ou tlio ftvorago just iiudor sixteen years, 
skeletal maturity of long bones at twenty 
Init wcdglvt continucB to viso fehereciftor. 

(2) H. M. Y- Aro there not comparable 
complexities in the great apes. Though at 
jircsent we have no measurements of paycho- 
biological dovolopmonb in jclation to age in 
niiy anthropoid apo I should like to hove the 
question of foeb raised. 

T, W. T, There undoubtedly are com¬ 
plexities similar in principle in anthropoids 
ns in man. Obaorvationa on the growth and 
tooth eruption of our living South American 
monkeys Indicate a pattern not dissimilar 
throughout pTimatca but our distinctions 
aro not yoL fine enough. 1 intended to 
imply a pronounced difTorenen between 
primates in general and anthropoids in par¬ 
ticular ou the one hand and non-primates of 
the other, by my comparison of dog and 
gorilla. I might have mentioned thatskclo- 
tnl maturity h reached in sheep before the 
tliircl birthday. Uuiformity of epiphysial 
picture throughout period of tooth ervipilou 
between appearance of second milk molar 
and second permanent molar indicates ^'con¬ 
centration" of physical dcvelopmont (see 
also Bingham, H. G.: Growth and dovelop- 
n^ent of chimpanzees, Am, J. Phys. Anlhro- 
pol.p 1030, vol, 13, pp. 433-408). Confusion 
in eruption order of socond permanent 
molnr and prcraolars in an thropoids and Old 
World apea indicatca the complexity to 
which you refer (see Krogman 0). 

(3) It, M. Y. Do you menu when kept 


in colonial groups, or that thoy die in 
groups. 

T. VV. T. I refenod to the finding of 
large numbers of akelctons comminglod in 
one area. Paleontologists ropeatedly com¬ 
ment on this. We have dofinito evidcnco of 
"mouse yoara" and migrations of hosts of 
such Todenta which aro cut off by death to¬ 
gether. As such collections emphasize a 
uniformity of general epiphyaial condition 
and this corresponds to the period of early 
maturity of the animal (averaging about 
aoventeen to eighteen human years) I suh- 
pect auch migrations to bo a kind of "vernal 
urge." 

(4) R. M, Y. Behavioral data would sug¬ 
gest Less marked divcrgonco, say six to ton 
and seven to fourteen years. So far there is 
no check obaervation on skeleton develop- 
meut aside from tooth eruption. I do not 
think Congo waa comparable psycho-bio¬ 
logic ally with a woman of twenty, rather I 
flhouLd giiosg fifteen years, 

T. W. T. I am dealing eolely with physi¬ 
cal aspects, namely skeletal differentiation 
and tooth eruption. In her skeleton Congo 
was between eighteen and nineteen human 
ycara; John Daniels I, in his skull, more than 
five human years and leas than twelve. 
Dwina (See Bingjiam (2) above) was twelve 
and ft half upon our roc orda in human yenra. 
Bingham's chTonoiogiDal guosa was four 
years eight months. I do not oitiphaaizo 
the exact number of years but merely the 
hunmn lag. See also ICrogman (0). 

(6) R. M, Y. Would it not bo safer to 
limit the statomonta tos tructural characters 
flinco our data on functions aro so limited 
(especially in case of gorilla)? I suspect 
you aro substantially correct but we cer¬ 
tainly could not produce tlio supporting 
observations for behavior. 

T. W. T. I did intend so to limit my 
fltatcinenb but desire to project the reader's 
thought into the possibility of similar find¬ 
ings in other fields. Wo have little to guide 
Ufl at preaent but tooth eruption and a 
plainly domoiistratcdcxpcdition in epiphys¬ 
ial union, once it starts, after cruptiDn of 
the second permanent molars. 
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The Acquisition of Motor Skill in 
Young Children 

A Study of the Effects of Practice in Throwing at a 

Moving Target' 

J, Allan Hicica 


T HIS study is concerned with the 
effect of Biiccific practice upon 
the ability of young children to 
hit a moving target by throwing a ball. 
Fuiidiiiucntally tlie problem ia to what 
extent young children improve in com¬ 
plex motor Bkilla ns ii result of specific 
practice end to what extent as a 
result of other factors such as struc¬ 
tural maturation and general practice 
which has a direct heaving on the 
specific sldlL 

The effect of specific practice wna 
determmed by giving 1 of 2 compara¬ 
ble groups of children practice in 
throwing at a moving target under 
coubToUed conditiqiia while the other 
group was not given such practice. 
The added increase in skill of the 
practice group, ns showri by teaks, ia 
attributed to fipccifie practice because 
the other factors which might affect 
this increase can be assumed to be 
similar for the 2 groups, 

1 From tliG WaHhingtoii Child ncBearch 
Center. This fitudy was comide ted while Llm 
author was i\ flcholfir in child dovclopmcnt of 
the Natuinal Itofiimtcli Council at the lown 
Child Wo If II re Hofleiiroh Station. A de- 
Uiled accomiL of the Hludy will bo luibliflhcd 
as an Iowa Htiidy in child wnlfare. 


A moving target test was devised 
and was the main test in this experi¬ 
ment. The Blackhurst arm fitrength 
teat (2), the Wellman tracing path test 
(3), and the perforation test (1), were 
used as supplementary motor tests. 
This paper is a report of tlio results 
on the moYing target test. The 
reaulta on the supplementary testa in 
comparison with this teat will be re¬ 
ported in a subsequent paper. 

The subjects wero 60 children 
ranging in age at the beginning 
of the experiment from two years, 
seven months to six years, five months. 
The distribution according to age and 
Bex for the practice and control groups 
later described is given in table 1. 
The total group included 12 three- 
year-old children, 18 four-year-olda, 
18 five-year-olds aud 12 six-year-olds. 

The 60 children were first given the 
initial moving target test and the 
three supplementary motor testa. 
They Avere then divided into two 
groups which Avere comparable in 
performance on the initial test on the 
moving target. The mean score of 
each group Avaa 11.7 Avith a standard 
deviation of 5.7 for the practice group 
[iiul 5.0 for the control group. Aa 
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.shown in table 1, both groups were 
■ilso comparable in age and sex dis- 
ti'ibutions. 

The 30 children in the practice group 
repeated the moving target test once a 
week for eight weeks. For conveni¬ 
ence in carrying out this practice 
])rogi'am an equal number of the 
children were tested on each of the 
school days, Monday to Friday iiiclu- 
Bive, The one week interval was kept 
constant by testing the same children 
on tlic same clay of the week through¬ 
out the experiment. A few deviations 

TABLE 1 

^ Age and sea; distribution oj children in prac- 
■ lice and control groups for the wooing 
target lest 



UOVfl 1 

^ aiiUiS 1 




GrQ\ip 

1 

TOTAL 


PrAtilice 

Control 

Praclico 

ConlroU 


yearn 

3 

2 

2 

4 

4 1 

12 

4 

4 

4 

5 

5 1 

18 

5 

3 

3 

6 

6 

18 

6 

4 

4 

2 

2 ' 

12 

Total 

13 

13 

17 

17 1 

60 


from this schedule were necessary be¬ 
cause of absences but of the 240 prac¬ 
tice records but 19 were off schedule 
move than three days. 

At the end of the eight weeks^ 
practice all children were given the 
moving target test once each week for 
two weeks* This gave the practice 
group an initial test^ eight practice 
testa and two final tests, a total of 
eleven, The control group wna given 
the initial test and the two end tests, a 
total of three practices. Ten throws 
were given during a test period so that 
ouch child in the practice group threw 


110 times at the target iind each child 
in the control group 30 times* 

Approximately three mouths after 
the initial tests the strength, perfora¬ 
tion, and tracing path tests wore given 
again to the 60 chiklren. As nearly 
ns possible the second scries of tests 
was given in the same order as the 
first so that the intervals between first 
and last testa wore approximately 
equal for all children on all tests. The 
average number of clays elapsing be¬ 
tween all first and hist tests for tlic 4 
motor tests was 83 clays for tlic prac¬ 
tice group and 82 days for the control 
group. 

APrAIlATUS 

The moving target teat apparatus 
(fig* 1) was constructed for the learn¬ 
ing experiment with young children, 
The target was moved along on hori¬ 
zontal tracks by means of an electric 
motor (j horse-power direct current) 
so that the children had to adapt 
their aim and speed of throwing to this 
movement. The movements of tlic 
target were controlled by a speed 
reduction drive, pulleys, shafting, and 
a leather belt which was attached to 
the bade of the target. Tliis oporaU 
ing machinery was mounted upon ii 
channel iron frame 10 feet long and 2 
feet wide liy means of suitable sup¬ 
ports. The shafting and attached 
pulley on one end was mounted upon 
a platform which could be moved to 
adjust the drive belt. The entire 
apparatus except the target wa.s 
painted black in order that the white 
and green target would stand out in 
relief* The target was started, 
stopped and reversed by means of a 
switch placed upon a tui)le 8 feet in 
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Jront o\ the tiirf^ct and to the chiUVs 
ritrliL whin faci iii^ the appimitiia. This 
location enabled the expcvlmcnter to 
cl>serv6 to licsfc advantage a child's 
mo\fcmci\ta in throwing without inter¬ 
fering wifcli the teat. Two rlicostat 
Sliced Gontrola were also placed upon 
this table enabling the experimenter 
to conveniently control tlio speed find 
movement of the target. On the 
basis of preliminary tests it was 


mcftswred iiy a tape fvrstened along Iho 
upper guide brack. 

The target was large—4 feet in 
diameter—so that nearly all throws 
struck somewlicrc on its surface. In 
spite of this large size and the short 
distance of the children from the 
target—5 feet from the center of (he 
nmniiig path—tJie younger cliiIdlen 
frequently missed entirely. This was 
usually clue to their failure to throw 



I IQ. 1. Moving Taiioet Appaiiatus 

If channel iron frame; one fourth h.i). direct current motor; coupling; 4r speed 
lediicor; 5, worm wheel on apoed roduccr ahiift; 6, gear on pulley shaft; 7^ ad jus table 
plafclonn; H, pulley ahada; pulloys; JO, leather belt; Ji, detach able outer ring; 12, 
will to oil cloLli; 13, green oil cloth; 14, guide tracks; 15, pipe frame brackets. 


decided to maintain a constant .speed 
of .33 feet a second throughout this 
experiment. The target slid on rollers 
that ran in channel iron guides for a 
distance of 8 feet. A child usiuilly 
allows a target to move a short dis¬ 
tance before throwing at it and the 
distance of 8 feet was Hiifliciently large 
to enable every child to decide io 
throw. Tiio (listiinee a child nllowed 
the turgel io move Vielorc throwing was 


high enough. Even the older children 
occasionally threw wildly. 

The target was constructed so tlinb 
eacli time the ball struck it a periiia- 
nciit record was made, permitting a 
more iiccunite analysis of resiilLs than 
would liave boon possible otbonvise. 
This was accomplished by placing the 
following parts of the target in (lie 
order named from liacic to front: 
heavy board back, coi)per screen wire 
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tacked to the board, carbon paper 
fnatoned over the screen covered board 
'With the surface toward the front of 
the target, a record paper cut from 
newsprint, white oilcloth with smooth 
surface out, a bull's eye of green oil¬ 
cloth 7 inches wide glued over the 
white oilcloth. The oilcloth was fast¬ 
ened to a removable ring bolted to the 
outer edge of the target by means of 
4 wing nuts which could be quickly 
removed. The record paper was 
clipped to the oilcloth before putting 
the ring on the target and quickly 
replaced for each trial period after 
removing the ring. Six of these rings 
were made in order to facilitate record 
changing. When the ball hit the 
target a cluster of black dots wag made 
on the record paper. These were 
clearly distinguishable even when 
the ball was thrown with little 
force. 

A circle was cut from the center of 
the target board and attached screen 
and the detached part suspended in 
the opening by means of springs. 
When the ball hit the green oilcloth 
this suspended center was moved back 
and rang a bell attached to a frame on 
the back of the target. This arrange¬ 
ment not only gave the child the green 
bull's eye at which to throw but gave 
the added motivation of ringing a bell 
when the bull's eye was hit. 

In order to make the test relatively 
comparable for all children a platform 
6 feet square was used to adjust a 
child's height to the center of the 
target. These adjustments were made 
by means of blocks slipped under the 
corner of the platform so that the 
center of the target, 36.5 inches from 
the floor, would be one inch lower than 


the child's shoulder height. A few of 
the children were tall enough to stand 
on the floor when throwing. The 
children stood behind a foot l)oard 
placed parallel with the target and 
with its center 5 feet from the center 
of the target's running path. Squash 
tennis balls 2.25 inches in diameter 
were used for tlirowing. A ball of 
this size was convenient for the chil¬ 
dren to grasp and easy to grip l^ccause 
of the rough surface. 

For convenience in scoring the 
records a model of the circular target 
wag drawn upon linen drawing cloth 
and mounted on an easel with a glass 
back. Concentric circles one inch 
apart and radial lines 4 degrees apart 
were drawn upon the model. When 
the record paper was mounted and a 
flood light behind the glass turned on, 
the distance of the center of impact 
of each throw from the center of the 
target and its angle were easily de¬ 
termined. This method saved the 
use of measuring instruments. 

rnocuDuan 

Every child wn^s shown the appiira- 
tus before the teats were begun. After 
rapport .seemed well established tlic 
child was brought in front of the 
target and the experimenter said, 
^'Sec, this is a big target that runs on 
these tracks. (E pointed to target 
and tracks.) You stand here bellind 
this board. (E pointed to the foot 
board and liad the child take a posi¬ 
tion beliind it approximately in the 
center and facing the target.) I'll 
start the target and show you how it 
runs. (The target was run across the 
eight foot path at the selected .speed.) 



9-4 


Hicks: Motor Skill in Young Children 


Now I'll run it hiick iigiuii. (The 
t:\rfro(. WHS I’over.stul to i(.s Ntiirtinp? 
point.) I want you to tlirow this bull 
(the ball was liokl up ho that the child 
could sue it) at the target while it is 
moving and try to hit the pretty green 
part, here. (E touched green part.) 
When you hit the pretty green part a 
bell will ring like this." (E rang hell 
□nee with his finger.) 'riie (*xperk 
iiienler then held the l)all out before 
the child at tiie chiUru shoulder height 
and directly in front of liiin and said, 
‘'^Try to hit the pretty green part wliilo 
it is moving and make the bell ring. 
Now ril niako tlie target move.^'' 
(E started target.) 

As the hall struck, the target was 
fitopiMMl and tlie inimher of the ihrowH 
in the day's series nuirkcd on the spot 
on the oilcloth. A blunt steel stylus 
was used so that a mark w'as not left 
on the oilcloth bub the number was 
rc])roduccd on the record paixu' by 
pressure ugainst the earbon. The 
expel iineriter also recorded the dis¬ 
tance a child allowed the target to 
move before throxving by rending from 
the tape on the upinn' guide track ns 
well iiH the hand used in throwing. 

On Huceessivc^ tlirowH on the iniliiil 
tost the instruct ions were, ^'Kefnern- 
b(^r, try to hit the i)relty gream part 
while it is moving and niftke the 
bell ring. Now, I'll make the target 
move," l^or the first throw on all 
practice periods after tlie initial test 
the iiustructi(m.s were, ^'Sec, thia ia the 
big target that inuvos. Try bo hit 
this |)ietty green part (E touched part 
indiciiled) here, wliile il is moving 
mikI make the Iiell ring like this. (E 
rang bell wil.U linger.) Now, I'll 
mak«^ the target move." Eor tlirows 
after the first in pruelie(5 periods the 


experiinenler merely said, "Now, I'll 
make tlie target move." 

Three proliininary throws and 10 
practice throws were given on the 
initial test, but on all later iieriod.^ bub 
10 throwH were allowed. At all times 
the subjocLs were cncouifvgcd in their 
efTorts. In no case, liowa^vor, a 
child given in.structions in ways of 
improving his elcill. At the end of 
each day's practice piniod tlm cliild -was 
iivaised for his performance. TIk; 
novelty of tlie moving target seemed 
to attract and maintain the interest of 
every child. Hitting the "green part" 
and making the bell ring was appar¬ 
ently a real goal, A few of the 
younger cliildren who could not ring 
the hell bcoiikuI grcM\tly pkMised to 
liib the target or to come near the 
green part. In no case was any other 
motivation iicccsHary, 

The record Idank when completely 
filled out contained the following 
information for each throw: the dis¬ 
tance the tai'gcit moved; the hand used 
in throwing; the manner of throwing; 
observatiojud notes; the distance from 
the cenl<;r that the liall struck; the 
score,, obtained by siibstiucting the 
number of inches the ball struck off 
center from 2/1, (fur example, a tJiruw 
striking five inches from the center of 
the target was given a score of 20 
and a tlirow striking twenty inches 
from the center a score of 5); the 
angle of the spot the ball struck rela¬ 
tive to a Iiorizontal axis through the 
center of the target. The method of 
scoring follows the usual procedure of 
giving the better performance a the 
larger scores. The angle values were 
later analyzed to show whether throws 
weic high or low and to tiic rig]it or 
to the left of the con Lev. 
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■I’AIILTS a 

Averago amoves on moving targoi teat, iniiolicc groiij) 




TCgT 


wn,v- 

DKIl 

> 

1 2 

3 1 

1 * 

1 ° 



1 Av. 

1 vS.D. 1 

1 Av. 

1 S.l>. j Av. 

S.D. ' 

Av, j ^,D, 

1 Av. 1 s.n. 

Av. J B-D. 


9 yoar ago group 

M. 

2 1 

G.4 

1 

[ 8.8 

5.2 


4.9 

1 7.B 

10.4 

F. 

4 

3.2 


1 4.0 

5.4 

2.6 j 

4.0 

4.8 

7.8' 

T. 


4.3 

3-S 1 

[ 0.0 

3.0 5.3 


4.7 2.0 

0.8 2.0 

8,7 2.1 






4 ycftr rigft 

ei*nu]i 




M. 

4 

n.6 


10.2 

12.0 


10.2 

12.0 

j 11.G 

F. 

' i5 

' n.9 


10.0 , 

10.0 


10.3 

11.0 

10.9 

T. 

0 

11.7 

4.7 

10.4 

1 3.0 10.0 

1 3.3 

1 10.3 3.9 

11.4 2.0 

1 11.2 4.2 


6 year ago group 




3 year ugo group 


M. 

2 

8,0 


12,8 

9,G 


9.9 

9.2 

, 

3.4 

F. 

4 

7.5 


8.0 

9,1 


8.1 

S.8 ! 


0.5 

T. 

0 

7.7 

3.5 1 

9.0 1 

3.1 9.3 

2.7 j 

8.7 

1.4 8.!)j 

2,2 , 

7.2 





4 vftar age 

group 



M, 1 

4 

13.2 

1 1 

13.2 

12,9 


12 0 

13.0 


12,0 

F. 1 

5 

8.4 


12.2 

10.3 


12 2 

12 B 


1 11.0 

T. 1 

9 

10.G 

_ 

12.7 

3.1 11,5 

; 2.r, 

12.4 

2,3 12,9 

1 1.5 

11.4 
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TAULI'] 2—Conclutied 



hi'm- 

wun 

€ 

7 

0 

in 

E2 

i.vi!iu\on 

(IV ATiI. 
TESTa 



Av. j S.D. 

Av. 1 

SD. Av. S.II. 

Av. 

8,D. 

Av. 1 

a,D. 1 


5 year iige group 

M. 


J7.() 

111.4 

17.7 

10.5 


17,4 


17.0 


0 

11,0 

12.0 

13.4 

12,2 


14,6 


12.3 

T. 

D 

13,4 3.3 

M 5 

3.7 14.8 3.8 

13.0 

2.0 

15.5 

2.1 

13.0 

0 year age grouf) 


M. 

1 

1G,1 

15.2 

10.0 

10,0 


10.8 


15.7 


2 

10 4 

12 5 

13.2 

15,0 


10.2 


15,0 

T, 

0 

102 1,5 

14.3 

2.0 lfi..'i 1.9 

10 2 

17 

10.0 

0.8 

15.5 

All agog 

M. 

13 

M.2 3,8 

10.2 

3.3 14.G 3.3 

14.3 

3.1 

14.0 

3.3 

13.8 

F. 

17 

10.3 4.2 

11.2 

3.0 11.5 3.1 

11.7 

2.8 

12.9 

2.7 

n.o 

T. 

m 

12.0 4,r> 

12,0 

3.0 12.8 3.5 

12.8 

3.2 

13.0 

3.3 

12.2 



UE&^UIjTS 


three 

and 

four 

year 

old 

cliiUlveu 


Reliability oj lest 

Tho roliabilily of Llio inoviiig tiirgcfc 
test wiiH coinpiited in tho following 
w ays; 

1. Thosniii of bho f) odd numbered 
tlirows on the ijiitial beat for each 
cliild was correlated witli the amn of 
the f) even miinberotl throws. The 
correlation obbiiiried by using the 
pi'odiicb-inoinont luebhod, for (iO chib 
dren in iig(^ groups throe to six inclu' 
sive, was .80 zb. 17. When stepped 
up by the Spcarinan-lirowii prophecy 
formula the roUability coeflieient for 
the whole test became .94. This 
cocITieiont was obviously affected 
by tile age range of the children 
conaidiu’cd. In order to throw some 
light on tho influence of the age factor, 
coellieients w(’n» eoiniiuted between 
llie sum of the odds and the sum 
of the evens as before but first for 


taken together and then for five and 
six year old children together. The 
coefificient obtained for 30 chiklroii in 
age groups three and four combined 
was .76 zb .05, which stepped up for 
the whole test became .86, The 
coefriciont obtained for the 30 children 
ill age groups five and six combined 
was .63 zt.07, which slopped up for 
tho whole test became .78. 

2. The avcnigo vScores for the initial 
tost of 30 children in age groups throe 
to six inclusive iverc correlated with 
the average score.s on the first practice 
test, given approximately one week 
later. Tho coefliciciib of rcliability 
obtained by this method was .74 zb .06. 

Effeefs oJ practice on average scores 

The average scores of the 30 children 
in the practice group for the iiiitiiilp 
practice} and end tests arc given in 
table 2 for age groups separately and 
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combined, find for sox groups for each 
ago group and for all agee combined. 
A score of an individual was the 
average of the scoroB made on 10 
throws at the tai'get on one day's 
test period. The scores of individuals 


TABLE 3 

Average scores moving target test^ control 
gron-p 


3 year ago group- 


M. 

2 

8,7 


D.2 


9.0 


9,2 

F. 

4 

3.8 


7,4 


7.5 


0 3 

T. 

6 

S.d 

5.5 

8.0 

3,5 

8.2 

2.Q 

7,2 

4 yoai' age group 

M, 

4 

iho 


12,4 


12,0 


a,8 

F. 

5 

11.2 


11.B 


12,5 


11,8 

T. 

0 

11,2 

5.2 

12.1 

2.4 

12,3 

3 1 

11.8 


G yciir age group 


M. 

3 

15.4 

1 

15.1 


15.5| 


15 3 

F. 

G 

11.3 

1 

12.4 


13,8 


12 6 

T. 

0 

12.e 

2.0 

ia.3i 

2.9 

M.4| 

2.3 

13 4 


TKBT 1 

I 

Ui 

£2 

Ay. (s.d. 

Av, js.D, 

1 Av. j S.D, 


6 year age group 


M. 

1 4 

IIB.I 


jlB.o' 


10.8 


17.9 

F. 

2 

14.8 


14.0 


15,9 


15.1 

T. 

! fl 

17.2| 

19 

I 17 . 2 , 

2,2, 

10.5 

1.4 

17.0 


/Vll ag(3fl 


U.\ 

la 

14, 0l 

5,3 

|U.4 

4.2 

14.1 

3.0 

14.2 

F. 1 

17 

fl.Oi 

5.1 

11.3 

3,71 

12 .2| 

3.5 

11.1 

T. 

30 

11,7 

5.G 

12.0 

4 . 0 ] 

13.0 

3.7 

12.4 


on all tests ranged froin 0 to 20-6. 
Standard deviations are given in 
table 2 for the practice group for each 
age group and for all ages combined, 
aud for total sex groups. Table 3 is 
similar to table 2 and gives the data 


for the control group. Figure 2 shows 
the average scores for the pracLicc 
group as compared with the control 
group. It also shows separate curves 
for the practice group boys, and the 
control group boys, the practice group 
girls, and the control group girls. 

Total (/roups. Tables 2 and 3 and 
figuro 2 sliow that l)oth the practice 
and control groups made small gains 
in average scores from initial to final 
tests and that the gain of the practice 
group was slightly larger than the gain 
of the continl group. The average of 
each group on the initial test was 11.7, 

Tlie final average of the practice 
group was 13.6, again of 1.9; the ruiiil 
average of the control group was 13.0, 
a gain of 1.3, The practice group thus 
gained 0.6 more than the control. 

Tlic formula for the sttiiidard ciTur 
of a diffoicnco bctu'CLMi coiTchitccI 
measures, 

7 Dift. — \/7^ ^y. 1 — Av. 2 ri, 7 Av, 1 7 Av, 2, 

was used to cletenninc the statistical 
eignificance of the gains of the practice 
and control group.s. By this fonnuhi 
the gain of the practice group was 1,9 
with a standiiid error of 0.60 and the 
gain of the control group 1.3 with a 
fitandai'd error of 0.73. Tlie gain of 
the practice group wiia thus 3.2 tinie.s 
the standard orror and may l)e con¬ 
sidered significant. The gain of the 
control group was only 1,8 timo.s the 
standard error—not statistically sig- 
niricsuit. 

The standard error of the dilTorcucni 
in gniii.s of the practice and control 
gvoup.s computed from the formula 


7 Difl. in gains - \/7*g?i.iri 1 -h 2 
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was 0,95. Tiic obtained clifTcrenco of 
O.G is not therefore Bignificiint by the 
usiuil criterion that tlic obtajiied 
difference nnisb be tlircc times its 
standard error in order to be considered 


The average score for all tests com¬ 
bined was 12.2 for tlie practice group 
mid 12.4 for the control group. This 
lower average for the practice group 
was due to the fact that their avernge 



AvKBAoe 9eDi?iB on Mttvma lAdooT 
Tikbtb dv Total and 5oc Gooupfe. 

Total PkiADTlcA Group (--) 

TorAL CoNTRoi. Group 

PiACTtcH Group Dora -j 

CoNTaoL Group Bovs 

Paactici Crduf OtALB --—-1 

Cdntbol Group Gintu H —■ —^ 

Fm. 2 


statistically significant. The differ¬ 
ence in the gains of tlic 2 groups on the 
first end test also is not significant 
becauBO the obtained difference in 
gains was but 0.2, 


fell below the initial test average on 
practice tests 1, 2 and 4, as indicated 
by figure 2. The individual records 
show that 17 practice group chilclren 
gained in Bcorca from the initial to the 
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final test while 13 lost; 10 control 
group children gained, 13 losfi and 1 
did not change. 

Sex groups. The practice and con¬ 
trol group girls, all ages combined, 
eacl) had an initial test average of 9.9. 
On the hnnl test the practice group 
gained 3.0 and the control group 2.3^ a 
difference in gains of 0.7 in favor of the 
practice group. The differenco on 
the first end test was but 0.4. The 
curve for the practice group fluctuates 
from test to test. It ia difficult to 
account for the high peak on test 3 
when an average of 12.1 was made, 
an average not made again until the 
final test. The drop to an average of 
9,6 on teat 4 is due to the drop of the 
five-yoar-old girls. Five of the 6 
girls in this group made lower scores 
than on teat 3 bub the only large drop 
was in the case of one child who 
dropped from 19.3 to 8.3, due to the 
adoption of an inhibited style of 
tlirowing. 

The initial test scores of all boys of 
the practice and control groups was 
14,0 for each group. On the final 
test the practice group gained 0.6 
and the control 0,1, a difference in 
gains of 0.5 in favor of the practice 
group. On tlie firafc end test the con¬ 
trol group surpassed the practice 
group by O.T On test 3, which was a 
high peak for the girls, the boys' 
average of 12.1 was their lowest 
average score. This was the same 
average as that of the girls for the same 
test. The highest average, 15.2, was 
made by the boys on test 7. 

Comparing the average scores of the 
boys and girls for all tests combined 
given in tables 2 and 3, it ia seen that 
the bo5^ surpassed the girls nt each of 


the four age levels in both the practice 
and control groups except in the four- 
year-old control group in which the 
averages of the boys and girls were the 
same. These consistent differences 
indicate that the boys excelled on this 
teat. The evidence that the boys 
excelled ia even stronger when the 
average ago in mouths for each age 
group is considered. In each age 
group of the practice unci control 
groups, except the five-year controls, 
the boys were 0.7 to 4.5 inoiiths 
younger. 

Age groups. Figure 3 shows the 
averages by iigc groups, for the 
practice and control subjects. The 
three-year age groups of the practice 
and control groups made tho lowest 
averngo scores on all testa )nit made 
the largest gains from initial to final 
teats. The gains for each ugc group 
were as follows; three-year practice 
group 4.6, control, 2,8; four-year 
practice group 1.2, control, 1,1; five- 
year practice group 1.5, control, 1.8; 
six-year practice group 1.0, control, 
— 0.7. Thus the three, four and six- 
year old practice groups exceeded the 
control groups wlicrcas the oppoaite 
was the case with the five-year-old 
group. 

Comparing the age groiip average 
scores on all tests combined in tables 
2 and 3 it is seen that the average of 
the thrcc-year-old x^rncticc and control 
groups was the same, the control 
excelled 0.4 in the four-year group, the 
practice group, 0.5 in the five-year 
group, and the control group, 1.5 in the 
six-year group. The lower averages 
of the practice groups were due to test 
periods in which the avoragea fell 
below the initial and final test averages. 
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The combined gnin of the three and the diflfercncc is not statistically 
rour-ycar-old practice nnd control significant. 



TEST 


BcaatB oh Mov\ho 
Ta.4T« BV Aa« Gnai/r^ 

Phactick Omup TlmKO \Wai« Oua t---■! 

Cohthdl. Giiou*» TliiiHa Ykah Old ^ 

Pbactick Group Four Vvar Oi-o <-) 

CoNTUou Group Fbun Vkar Old 

PnAOtieo Group Fivi Ycam Old (—-- — n , —. 1, 1 

CoHTfioi. Gooup riWR Yiar Old I- ) 

Popence Qroup 6ih YbaO Old 1 

CaHTROi- Group Gi« Ycar. Olo J 


Fia. 3 


groups was 2.22 with ii standard error 
of 0,88. The gain of the five and six- 
year-olds was 1,02 with a standard 
error of O.fifi. The difference in gain 
between the 2 groups was L2. The 
Btandai'd error of 1.01 iridicaU*s that 


Variahilily of groups 

Coefficients of variability were high 
for both the practice and control 
groups due to large standard devia¬ 
tions, There was a consistent tend¬ 
ency, however, for the coefficients to 
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become sinEiller on later tests, showing 
that the scores of individuals in the 
groups became more closely bunched. 
Ko significant difference in this tend¬ 
ency existed between the practice and 
the control groups. 

The coefficient of correlation between 
the gains for individual scores from 
the initial to the final tests and the 
scores on the initial test was —.78 
zh.03. This also indicates that the 
scores of the individuals in the group 
were becoming more closely bunched. 

This tendency toward bunching 
Beema to have been due to the fact 


Pvaciicc effects mihin led 'perioih 

In order to determine the effects of 
pmclico witlhn n tost period tlie iiver- 
ftge scores for each of the 10 trials of the 
test period were computed. T/iblc 4 
gives the results for tlie practice and 
control groups separately. 

An examination of the averages in 
table 4 discloses that the el vcrage 
scores of the sixth to the tenth throws 
are slightly higher than the first to the 
fifth, The average of the fust five 
throws of the practice and control 
groups combined is 11.9 and of tlie 


TAULB 4 

Average score by trials within a practice period for moving lurofil test 






Throw 

in aeries 





1 

2 1 

3 1 

1 

4 1 

1 

5 1 

1 

0 

7 

8 ’ 

i 

1 ^ 

1 

10 

All 

Practice group 

n.s 

[ 11.3 

11.7 

11.8 

12.3 

12.0 

12.8 

12,2 

12.4 

ISA 

12.1 

Control group 

11.9 

12,6 

11.2 

13.1 

12 0 

11.7 

13,1 

13.0 

12.8 

13.0 

12.4 


that children scoring high on the 
initial best made small gains on the 
final test as compared with cliildrcn 
scoring low nn the initial test. An 
examination of individual records 
con’oborates this, For the practice 
and control groups combined 9 chil¬ 
dren in the upper half on the initial 
test gained on the final test while 21 
made lower scores; 24 in tlic lower Inalf 
on the initial test gained, 5 lost and 
1 did not change. This tendency is 
probably due in part to the fact tluit 
the units of improvement on the 
scale of 0 to 25 were not equal in 
difficulty of attainment. 


last five throws 12.0, an ad van Luge of 
0.7 for the Inst five throws. 

Anotlicr indication that there wns 
some practice effect wjtliin each 
practice period is shown by tlic bicb 
that the bell was rung 192 times out of 
217 on the first five tlirows am] 115 on 
the last five throws. 

Practice effects on eliviination oj errors 

For the practice group 7{j per cent of 
all throws were below the center of the 
target on the initial test and G2 per 
cent on the final test, a reduction of 14 
per cent. For the control group 69 
per cent of tlie tlirows were low on the 
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iiiiUal lost and G7 per cent on the final 
tcatj a reduction of 2 per cent. There 
\B some evidence of n greater tendency 
for the practice than for the control 
group to eliminate the low throws. 
However, this did not bring about n 
flignificant dilTei'ence in the gains in 
scores of the 2 groups. 

For the practice group 67 per cent 
of all throws on the initial test were to 
the left and 61 per cent on the final 
test, a reduction of 6 per cent. For 
the control group 09 per cent were to 
the left on tlio initial test and 62 per 
cent on the final test, a reduction of 7 
per cent. There was thus a alight 
tendency for both groups to correct 
their throws to the left, 

Htsiance iavQcf inoucd 

Tlio children stood facing the center 
of the 96 inch path through which the 
target might run so that it would seem 
timb the target would be easier to hit 
when approximately in the center of 
its running path. This would be at 
the 48 inch mark. However, the 
children did not Jet the fciirgct move 48 
in dies before throwing. The average 
of the practice group on the initial 
test waa 19.4 inches and on the final 
test 10,8; of the control 20,4 on the 
initial test and 24,2 on the final teat. 
There is uo evidence that practice 
had any great effect on the distance the 
target waa alloY/ed to move. 

Relation o/ sitecess to oilier trials 

Inordcrtodebei'iuinG the rclationalup 
of throws that rang the bell to throws 
inuncdiLitcly preceding or following, 
the data were analyzed as follows: The 
aver a go of all throws Lmmcdhitely 


preceding a throw which rang the bell 
vgiaa computed for all triala in the day's 
series for the children in the practice 
and control groups combined. SiinU 
lar averages were computed for all 
throws immediately following the ring¬ 
ing of the l3ell. The averages of nil 
throws nob ringing n bell and not just 
preceding or following a throw which 
rang a bell waa 13.5. The average of 
all throws immediately preceding the 
ringing of a bell was 14.0 and the aver¬ 
age of all throws immediately following 
tlm ringing of n bell waa 15.2. The 
difference between the average scorca 
of the throws not ringing a bell or not 
immediately preceding or following a 
throw which rang n bell, and the 
average of the scorca immediately 
preceding the ringing of ei bell was l.L 
with a standard error of 0,47. The 
difference between the average scores 
of throws not ringing a bell or nob 
immediately preceding or following 
the ringing of a boll, and the average of 
acorea immediately following tho ring¬ 
ing of a bell waa 1.7 with a sfcfindard er¬ 
ror of 0.41. Both obtained differences 
arc large in relation, to their standard 
errors and are probably not chance 
differeneea. 

There is evidence, then, that the 
throw striking a bell waa affected by 
the throws immediately preceding it 
and in turn influenced the throw 
immediately following it. The throw 
ringing the bell was probably affected 
by the practice preceding it and espe¬ 
cially by the practice on the throw 
immediately preceding. In like man¬ 
ner the throw ringing the boll probably 
had its greatest carry-over to the throw 
immediately following. This may 
have been due partly to the factor of 
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motivation which would probably 
function best immediately after throws 
which either hit the bell or came very 
close to it. 

Manner of throwing 

Children differed strikingly in their 
styles of throwing. Each child also 
often varied his style in various ways, 
Some of the variations were ns follows; 
hand used; manner of holding ball; 
movement of parts of the body such 
as the handsj armsj shoulders, trunk, 
logs and feet; force of throw; position 
of tlie child. 

In both the practiCG and control 
groups 96 per cent of all throws were 
with the right hand. A few children 
ot all ages occasionally threw with the 
left hand but no child threw exclusively 
in this way. One boy in the three- 
year-old practice group and one girl in 
the five-year-old control group were 
the only children who made at least 
halt of their throws with the left hand. 

Records were kept whether throws 
were overhand, underhand, toss, or 
miscellaneous. A throw was con- 
aidcrecl overhand if the hand was 
brought forward above a plane hori¬ 
zontal with the elbow; below this 
plane, it was considered an under¬ 
handed throw unless the arm was not 
Ijcnt in delivering the ball, which 
was considered a toss. Miscellaneous 
throws included peculiar styles of 
delivery such as pushing the ball from 
the wai?3t with both hands and throw¬ 
ing from the waist outward. The per 
cent of the various styles of throwing 
for the practice and control groups 
combined was as follows: 


in 

u 

? 

o 

I 

a 

o 

1 

S 

a 

o 

H 

Girls. ' 

34 

20 

1 

2360' 

1820 

88.B 
87.1 

3.4! 

1L9 

1 

0.0 

O.G 

Boys. 


Total. 

m ' 

4200 

88.0 

8.1' 

4-0 



It ia seen that 88 per cent of the 
throwing was overhanded. 

Uelatioji to intelligence 

The cori'clatiou of tlio scores on the 
initial test on the moving target with 
mental age for 59 children ages three 
to six was .66 ^.,09. When cluono- 
logical age was partialccl out the 
correlation was reduced to .05 ±.09. 
Apparently skill in throwing at the 
moving target had little relation to 
intelligence ns measured by tests. 

fiUMMAUY 

The purpose ot this investigation was 
to study some aspects of the develop¬ 
ment of motor coordination in young 
children. The objective was to dis¬ 
cover the effects of sy-stematic well 
motivated practice upon the ability of 
young children to hit a moving target 
with a l^all. Two groups of children 
of 30 each, ages two and onc-half 
years to six eukI one-half years, were 
equated upon the basis of their initial 
performance on a moving target tost. 
The practice group repeated the test 
once a week for eight weeks. At the 
end of this period the practice and 
control groups repeated tlm tost twice 
on successive weeks. Three other 
motor tests were given, once at the 
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licginning and agiiin at tho end of the 

From an nnalysia of the data for 
composite (groups on the moving target 
test, the following arc some of the 
more pertinent resvilts: 

1. Both the practice and the control 
groups made gains in average acorca 
from the initiai to the fina^ tcBts. The 
gain of the practice group was larger 
tliiiii the control group but tlic differ¬ 
ence in gains wag not statistically 
significant. 

2. In the practice group 17 children 
gained and 13 lost in scores from tho 
initial to the final test. In the control 
group IG gaiiicdi 13 lost and 1 did not 
change. 

3. The hoys made larger average 
scores than the girls in the different 
ftgc groups. 

4. Younger clhWren made lower avev- 
nge scores on the test hub made larger 
gains from the initial to the final test, 

5. The variability of the scores of 
both the practice and the control 
groups decreased greatly from the 
initial to the final testa. 

G. There was evidence of practice 
effects within each test period ns the 
average of tho last five throws was 
higher than the average of the first 
fwc in the Bevies of 10 throws. 

7. Both the practice and control 
group.s tended to correct their throws 
when they were too low but not when 
they were too far to the left. 

Si Practice did not affect the dis¬ 
tance the children allowed tho target 
to move V)e?oTc throwing. 

9. The averages of acovoa on throws 
immediately preceding or following a 


throw which rang a bell were higher 
than tliG average of the seorca for other 
throws in the series. 

10. Niiicfcy-six per cent of all throws 
were with the right hand. 

11. Eighty-eight per cent of all 
throws were overhanded. 

12. The correlation of the initial 
scores and mental age, with chronologi¬ 
cal age partialcd out, was ,05 ±.09, 

Two comparable groups of children 
increased in skill in hitting a moving 
target with a ball over a period of three 
months. However, the group which 
was given specific practice throughout 
this period of time did nob improve 
significantly more than the group 
which was not given practice other 
than on the initial and final tests. 
These results indicate that the improve¬ 
ment in skill did not result primarily 
from Bpeciftc practice but from other 
factors such ns structural maturation 
and general practice which had a 
direct bearing on the specific skill. 

No attempt was made to differen¬ 
tiate the relative effects of each of the 
factors other than specific practice on 
the increase in skill, However, in the 
present tendency to emphasize tho rfilc 
of Btrucbural maturation in learning 
we should not overlook the importance 
of practice on the relatively simpler 
skills which are utilized in performing 
a complex skill. The children em¬ 
ployed in this study practiced many 
coordinations of body, eye, arm, hand 
and leg movements in their ordinary 
iviWy sictWitiea whveh were utilized in 
the complex skill of hitting the moving 
target, 
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The Galvanic Skin Reflex in Infancy 

HiinoLD Ellis Jones 


AC CORDING to invcstigiitions by 
Peipcr (2), the galvanic slcin 

^ reflex in hmnan infants is unde¬ 
veloped until the ngc of about fcivclvo 
months. Its absence in early infancy 
cannot bo due to immaturity in the 
effcotors, for the cutaneous organa con¬ 
cerned in the reflex arc apparently aii- 
atonucally and funotioually well de¬ 
veloped, Nor can it bo assigned to n 
dericiciicy in the recoptora nor in tho 
centripetal pathways, for skeletal mus¬ 
cle reactions can bo elicited by the same 
atiinuli which ate ineffective in produc¬ 
ing a G.S.ll. Peipcr finds his results 
consonant with the theory of vagus 
doininauce in infanta, and concludoa 
that the redox tiros concerned in the 
G,S-R, are iucoinplcto either centrally 
or in the effeveut thoracicQ-lumbivv 
pathway. 

Resulta' obtained by the writer 
with each of 8 infanta, three to eleven 
motitha of age, arc nt variance with 
tho.'^o reported by Peipcr, and appear 
to dcKuml a ifteonsldctation of Ida 
theory, The gnlvnnoinctcr used in 
the present experiment was a simple 
moving co\l insfcniment (D'Arsonvnl, 
manufactured by E. Roger, Paris) with 
ft IV^echslcr (6) circuit, The galvano¬ 
meter was conucctoil across a Wheat¬ 
stone Bridge, the subject nnd a millift- 
ineter being in sfirie.9 in the fourth arm 
of the Bridge. With infants it is of 

> A.n iiivealiRalion made at tlio IiiHlituto 
of child Welfare, IJnivortiity of California. 


course impossible to use cup electrodes, 
and ns a substitute a bandage type of 
electrode was employed, consisting of 
two pieces of silver foil, 2 cm. square, 
which were soldered to tho wires lead¬ 
ing from the fourth arm of the Wheat¬ 
stone Bridge. In order to prevent 
battery action at the .solder junctions, 
these were covered by a flexible and 
moisture-proof wax preparation. The 
foil electrodes were sewn into pockets 
of .soft fabric, covered with kaolin nnd 
saturated with normal saline; the 
moist clay forma a piste which adheres 
to the skin, nnd avoids resistance 
fluctuations from changes in the skin 
contact. 

The usual procedure was to bring 
the child into tho laboratory at 8:00 
ii.m., which proved to be the most 
favorable time for ob.scrvation in in¬ 
fants of thia ago; iiaablc records, how¬ 
ever, were also obtained in the later 
morning and in mid-afternoon. The 
electrodes were attached to the right 
loot, one to tho solo under the instep 
and the otlier to the cult of the leg. 
The child was placed in a comfortable 
position on n couch, out of sight of the 
experimenter and of the apparatus em¬ 
ployed to produce stiiniili aud to 
record responses. A reflection system 
focu.sed a beam of liglit from the gal¬ 
vanometer mirror upon a zero position 
on n kymograph (fig. 1). Current was 
now pas.scd through the potentioniotcr 
until a standard reading of 0.1 milliam- 
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pcjrca wiia obtained on the milUametcr 
ill scrica ^vith the aMbject; a deflection 
of the light occurved, of course, at the 
eame time. The Wheatstone Bridge 
was adjusted to bring the dcQection 


auditory, therinah niul clcctro-tiictiuil 
atimuli, their duration and intensity 
being controlled by a system of switchoa 
and rheostats I The recording drum 
consisted of a continiioiia roll liyjno- 



Vui. 1 

yl, galvanometer hoiiaing; /i, light Lube; Htabioiiai-y iniri’oi-j IJ, kymograph; /i, 
Wheats tone Bridge; l\ potcntioinclcr; C^^ milliaincier, /f, s time I us control box; f, 
Bupplcmcntary rheostat for Bridge. 


back to zero, and the subject's initial 
resistance could then be read from the 
dials. Tor the remainder of tlie ex¬ 
periment, the milliamcter reading was 
maintained as constant as possible at 
.05 m.a. A standard schedule of 
stimuli was used, including visual, 


graphs calibrated for seconds, and 
moving at a cons taut rate of aix inches 
a niimite. The resistance line was 
traced by liiind instead of pliotograpliic- 
ally, although in some cases photo¬ 
graphic records were also obtained. 
The manual method has the advantage 
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(jf koopinii; (:Uo experiineiil er closely in 
Imch wiLli Uie reactimiK, mul 

iiKikes it po.ssihle to noO^ down iic- 
c(‘Ssory recortls, iiisyinlx)! form, at I’ho 
appropriate places beside the resist¬ 
ance line?. In the case of responses 
wliieli liave sucli a slow latent time as 
tlio G.H.H. (one, and one-hall to three 
or more seconcl.s) oven an untrained 
jiCM'soJi iiruls no dilticully in aceurately 
ft>l!o\vint‘ Ihe resistance line. In order 
th/it the infant's overt behavior ini|i:ht 
l)(^ cuinpanMl with tlio ^alvaiiormdric 
(lata, a second oljsorver took a ^letiiiled 
record of bodily movenient.s, cliaiit^cs in 
faeial expression, (liishiiif^, evert respir- 
aiovy ehtmjiifes, anil vocalr/v\lions. 

Records wereobfniiieil for (>0 experi- 
inenial periods of about tliirty minutes 
each. In the ease of 1 infant, re]ien(ed 
ol)servati()ns \Yere made each w(Mdc 
irnui licr sixth to her ninth month. 

No dilTiculty was found in ohLainiiiK 
(raivanic responses from infants even 
!is you UK as three months. The most 
e flee live lor in of .stiimilation was 
clectro-tactiial, through electrodes at- 
tacliecl to the arm or the left log. In 
adniiinstoring tlio current an attempt 
was made to adjust the intensity 
(through u rheostat introdneed into 
the secondary circuit of ti Porter in¬ 
due (oriu in) so tliiib it would be strong 
eiimigh to ])roduce a 0.8.11., but too 
w(‘ak to result in crying or overt inove- 
meids. Tliis differentia lion proved 
(o lie readily possible, allhoiigh with 
soiiie.sulijecl.s it was necessary to guard 
against siunmative effects of stimula¬ 
tion. Next to mild pain stiimili, the 
most effectiv(^ agents were loud sounds. 
All of die subjects showed a marked 
response upon the lirst prcsentiition 
of :i IjcII, bn/,zi‘r nr loud clang. Tlieir 


overt reactions, however, w'ore less 
consistent, and in sovcM’al cases bodily 
startle reactions to loud sounds rvere 
never shown except when the infant 
was fiilliiig asleep. G.S.R.'s were ob- 
tainc^l to the removal of the bottle 
when lUirsing, and to situations in¬ 
volving a sudden wdthdrawal of sup¬ 
port. Tlwy were never elicited by 
visual slimuU (except after coiulition- 
ing) (1), by conditions involving relief, 
nor by any formic of stimnhition Nvliich 
would ordinarily be described as 
“pleasant/’ 

Ill coinpariiig the results from in- 
faidft ivith those obtained for 115 adults 
and for 40 uurseiy school children,- 
under similar instrumental and stiinii- 
latioii conditions, tlie following points 
may be noted: 

1. In its basic charnctcristics, the 
G.S,lk is similar to that found in older 
subjects. Tins applies to the pheno¬ 
mena of (a) latency (typically froiii 
two to three seconds) (b) tlie i)ara- 
inetcr of deflectiou (fig. 2) (c) specific 
negative adaptation (except for delin- 
itely nocivc .stimuli), and (d) specific 
1 ‘ocovciy after an interval. 

2. The ineidontal phenonuma nri? 
similar; (a) the curve of rest (a stalhl- 
ization proces.s at the beginning of the 
experiment, involving usually a steady 
reduction in resistance (o), (b) the 
Voraussehliigpha 1101 non (5) (an initial 
siiiatl reverse dofloctiou sometimes 
occurring with intense stimuli) (c) 
the occurrence of spontaneous or 
Hccoiidary respoiise.s after inten.se 
■stimulation (“Doppel.schwankungen") 

^ Tho rpaulL.H for bha uiir.scry soliool oliil- 
driMi an* in j)r()ceHH of prtaiiiraLioiu Tie* 
datii formliilLH have inaui rnpnrtrd, in pjii L 
(7). 
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and (d) characteriatic resistance 
ohangea in respiratory reactions, as in 
sighing. An inverrse relationship was 
shown to overt movementj stimuli 
which produced an inhibition of arm- 
leg movements frequently gave a 
marked G,S.R., while stimuli of an 
intensity to produce crying or thrash¬ 
ing movements wei’e often followed 
by a diminution or extinction of the 
G.S.R, This is in essential agreement 
with results for adults, reported by 
Prideaux (3). In certain cases, spuj- 
iouB resistance changes wore some¬ 
times effected by pressing the foot on 


ia in disagreement with Richter's (4) 
report to the effect tliat a I'ise in rc- 
aistancG occurs in adults during sleep; 
the disagreement probably cannot be 
accounted for in terms of the points of 
attachment of the electrodes. On 8 
different occasions. charactciistic psy¬ 
chogalvanic responses (to sounds) 
were obtained during sleep; these were 
usually, but not always, of a diminished 
magnitude, 

5, Aa in adults, Lhc jnost effective 
stimuli are those wltich involve ''star¬ 
tle,'^ or ''frustration/' and which arc 
commonly regarded as associated with 



Fia. 2 


the bed or against the other foot and 
thug altering the electrode contact, 
Deflections due to this cause could 
readily be z ecognized, not only through 
their concomitance with activity, but 
also through their abruptness and 
rapidity. In rare cases it beciime 
necessary to inimobilizc the leg by 
holding it just below the knee. 

3. The initial resistance tends to be 
lower in infants than in adults, Only 
about 5 per cent of the adults .showed 
resistances as low as 8000-10000 
ohms, which was average for the in¬ 
fants. 

4. No change in resistance was noted 
in relation to sleep or waking. This 


the emotional states of fear and auger. 
For these stimuli, the intensity thresh¬ 
old is higher than is usually found for 
adults. It ia possible tliat Pciper'e 
failure to obtain the G.S.R. in infants 
was due to the use of atimuli of too 
weak intensity; Ids record of jiroccduro 
ia too meager to permit jiulgincnt on 
this point. Correlated with tbc fact 
of high threshold, is the fact that the 
magnitude of deflection tends to be 
smaller than under similar coriditioria 
with adults. 

These results unquestionably dem¬ 
onstrate the functional completeness 
of the arcs involved in the galvanic 
skin reflex, at least as early as three 
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nioutlis of age. The fact bliat tUo 
G.S.ll, in iiifftnta is smaller and less 
easily aroused than in older children, 
can 110 doubt he explained in terms ol 
the rclnlionsliip between overt anil 
visceral expression. If this relation¬ 
ship were always positive, our instru¬ 
mental records would show an iiicrcnso 
in visceral activity nccoinpiinying the 
mold external signs of disturbance. In 
so far ns the galvanoinctcr, however, 
may bo takoii as indicating visceral 
changes, our evidence points in anotlicr 
direction. Children who arc tho most 
ready to cry are frequently tho least 
reactive on the galviiiioinotci’; in such 
subjects, when G.S.ll.'s do occur, they 
limy bo diiTiiuishcd or eliiuinatcd by an 
intensification of the atunuli, with 
resulting crying or bodily movement. 
Tile quick transition in emotional tone, 


BO often exhibited in young children, 
is jirobably a further indication of the 
“surface" chiiractci* of their emotion.^, 
and of ft Iftolc of persisting visceral re- 
hifovccincnt. In older children the 
increase of inhibition and of apparent 
emotional control may imply (with 
reference to certain stimuli) merely a 
shift Iroin outer to inner patterns oi 
vesponae. When a direct outward 
release is blocked, the condition of the 
organism appears to be favorable to 
a heiglitciicd visceral discharge, one 
expression of which is provided by the 
galvftiiio reflex. Tlius the clmnictcr- 
isLic features of "infantile’' emotional 
bclnivior may be related to the stage 
of development of those nicchanisma 
which arc conceiuccl in. determining 
the proportions of somatic and of 
visceral discharge, 
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The Orientation of Plane Figures as a 
Factor in Their Perception by Children 

Charlotte Rich 


HISTOlllCAL 

F ONE were to limit a review of the 
field of perception to material 
which eonceins the specific 
problem in hand, i.c., the orientation 
of plane figures na a factor in their 
perception by young children, practF 
Cftlly nothing would be cited except the 
following general statement made by 
Stern in describing the reaction of hia 
own children to pictures; 

It has often been observed that it Bccms 
to make littlo difference to amnll children 
whobher a picture is put before them right 
way up or upside clown, . . . The older 
the childj the less of tins indifference to the 
position of the picture; and in any case it 
varies very much with indiyiduala, for there 
are children in whom it has not been ob¬ 
served at all. (10) 

He cites careful observations of this 
uidifFerenco in his own children at the 
ages of one year seven and ono-half 
months and three years five months, 
and explains the recognition and pro¬ 
duction of pictures upside down by the 
supposition that the idea of form and 
the idea of position are two distinct 
psychic functions, the second of which 
is only developed by a somewhat slow 
process of learning. To this report 
may be added the proverbial surprise 
of parents upon discovering that a 
child's enjoyment and comprehension 


of a picture is in no way altered by the 
position in which lie sees it. 

But such data merely serve to indi¬ 
cate the oxistenco, without limiting the 
ages, of a period in tlie life of the child 
when the position of a picture in no 
way affects his attitude toward it, 
followed by a period iii which the 
orientation, when normal, lielps, niul 
when abnormal, lundors the compre¬ 
hension and appreciation of the ma¬ 
terial presented to vision. Such a 
limitation was the purpo,se of the gx- 
periment here presented. 

The three fields of imitative draw¬ 
ing, of recognition of aiinihir forms, 
and of color and form preference in 
pwToptioji eiicroacli so closely upon 
this one, however, that a preliminiuy 
review of the work done in them will 
be of sufficient interest to bo worth 
while. Also more gcm.'riil dcdiictionH 
concerning the development of visual 
perception in children are coiistuntly 
being made in other connections, such 
as the conclusion by Oppeiihoim (18) 
that a child comes to associate visual 
impressions with the prufjcr relations 
of the object in space only in the most 
gradual way, and that thi.s dilliciilty 
together with a limited powej' of acou- 
mte observation is bound to make hifl 
reports of events iiurelial)lc. C'ra- 
maussel (4), in evaluating reports from 
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children three to six and one-half 
ycura of age concerning what they see 
on a i)ostngc stamp, concliidea that as 
nge advimccSj the specific taicca the 
place of the vague niid general in the 
response, confusion gives place to well 
defined limiba, and enumeration gives 
way first to description and then to 
aniilysia. Such generalizations reflect 
the obvioiia fact that the development 
of perception is a gradual process, 
without limiting the steps involved. 
For the latter we must turn to the 
more specific exp crimen tnl work. 

The responses in imitative drawing 
arc peculiarly limited. Always the 
cliild tends to draw what he knows 
rather than what he sees. For spon¬ 
taneous drawing this ia quite eatis^ 
factory, because he is under no obliga¬ 
tion to finish the picture he starts, 
Bub for imitative drawing, which is 
rarely attcniptcd at early ages except 
under experimental conditions, this 
tcjjdency and the child's ready sug- 
gestibiUty make it difiicult for him to 
persist in the task until it is completed, 
and fr(!quently failure to copy even 
simple forma may go with a consider¬ 
able degree of creative nbility in 
spontaneous drawing. 

Ill 1911, Van Gennep (22) reported 
unrecogni/iablc attempts on the part 
of his 5 year old daughter to copy 
outline drawings of simple objects and 
]>rinted letters. The pictures, having 
more meaning to the child, were more 
like the copies than the letters, though 
Llic latter were simpler of execution. 

Hutli (11), in 1914, experimenting 
with 37 kindergarten pupils averaging 
four and one-half years of nge, to see 
whether they were ready to receive 
instnictiou in writing, concluded that 


children of this nge show little ability 
to copy incnningless combinations of 
lines. Work of more recent date on a 
comparable group of subjects was done 
by Gates and Taylor (8) in 1923, and 
Ilertzberg (10) in 1926, on methods of 
teaching beginners to write. In these 
studies it was found that the method 
of copying directly from the model was 
both harder to learn and less interest¬ 
ing to the child than any of the various 
methods of tracing used. 

Another section of this field la that 
of mirror writing, an anomaly which 
had been associated up until about 
1902 almost entirely with eases of 
mental disorder or paralysis affecting 
normal motor coordination. But in 
1909, Stern (20) reported mirror 
drawing and writing as a natural 
phenomenon in young children espe¬ 
cially in imitative drawing. When, 
according to Stern, at four year.^, 
children begin to outgrow scrawling 
and make real forms, there appears, 
at first, little perception of position. 
The frequent easy use of the left hand 
at this period is often accompanied 
by mirror writing, and the tendency 
to watch the progress of an older 
brother or sister from across the writ¬ 
ing table, and to imitate the observed 
motions, is a very frequent source of 
the development of reversed writing 
and drawing. E. Sz. at five years, 
copied from his brother in this manner, 
using his left hand, and learned his 
letters so well that he could write 
anything that was spelled to him. 
Later, he began suddenly and appar¬ 
ently without external urging to form 
hia letters in the normal positions and 
order, still using his left hand, and 
finjilly, just ns spontaneously, and 
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bnfore lie had reached the age of seven, 
he shifted from the left to the right 
hand, atill maintaining tlie normal 
position and order of the letters. 
Stern cites similar eases, reported by 
Ballet, Degallier, Kerschenetcincr, 
Maurer and Albien. 

Two instances of a strikingly similar 
nature occurred in the Child Institute 
of the Johns Hopkins University last 
year. In one case, both the right and 
left hand were used in drawingj and 
the motions in the left hand were 
nothing less than a right to left re¬ 
versal of those in the right. In the 
other case, the right hand alone was 
used, but many of the letters were 
formed backwards. In neither case 
did the child see anything exceptional 
in his result. Indeed, many adults 
who have not been trained to care in 
wjiting and printing show reversals 
of this nature,—aa a hasty survey of 
"no ti'espassing*^ signs in any ruriil 
section of the country will show. 

In 1913, Paula Meyer (17), in 
various experiments, under different 
conditions, but all designed to show a 
comparison between the child and 
the adult in the ability to roprodacc 
figures from memory, found a consist¬ 
ent tendency for a certain percentage 
of reversal and inversion. The chib 
dren used in the experiments were 
seven years old or older, and they 
showed a 51 per cent tendency to 
neglect orientation, as against a 39 
per cent tendency on the part of the 
adults. 

On the abnormal side, Downey (0) 
describes a case in which mirror writ- 
ing, persisting into adult life was a.sso- 
ciated with general motor disorienta¬ 
tion, and Hornig (7) finds dislocations 


in writing and drawing combined with 
speech defects in elementary school 
diiklren. Otlier cases in which the 
phenomenon is found along with 
pathological conditions are described 
by Abt (1) and Liiprade (16). 

It ie evident from the above that 
orientation of the figure or letter fiecins 
to mean very little to a child wlio is 
just beginning to imitate in his drawing 
and writing. Whether a similar con¬ 
dition occurs generally with rcfcrciiGe 
to a child’s comparison of objects with 
regard to their similarity or dilTcrencc, 
will be brought out, it is hoped, by the 
prosGnt experiment. 

In the field of rccognitinn of similar 
formSj much seems to depend at the 
outset on the child^a ability to compre¬ 
hend the significance of the terms 
“like" and “different.” The results 
of cm experiment by Jones (12) in 1925 
sccjn to indicate that in general the 
judgment of difference develops sooner 
than that of similarity. In dealing 
with geojnetrical forjns or familiar 
outline figures, the complication of 
language development is to a large 
extent removed, but the importance of 
the coinprehenaion of these two terms 
remains. 

In 1913, Koch (14) employing a 
simplified form of Gruenbaiim’s (9) 
method found that the performance 
scores for the recognition of like ele¬ 
ments in two figures increase from 22 
per cent perfect to 04 per cent perfect 
among the boys from tlie first grade 
to the eighth, and from 25 per cent 
perfect Lo 63 per cent perfect among 
the girls, about 60 per cent of this gain 
occurring during the first four grades. 
AVhen tlio recognition and localization 
of the unlike figures is included, the 
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girla rcivcli in each grade, only about 
two4hirda the ability of tho boya. In 
1920, von ICuonburg (15) extended this 
work to children between the ages of 
three years six months and six years 
Bix montba. Her figuvoa aubatantiatc 
those of Koch to n largo extent. 

In 1013 and 1914, in experiments 
devised to demonstrato the relative 
preference for form or color in match¬ 
ing rigiires, Kfit/i (13) and Dcscoudres 
(5), conluded tlmfc the perception o( 
form develops later than that of color. 
But wlien BuGhler (3) and von Kiien- 
burg (15) altered tho conditions of tlie 
problem to inclucle the processes of 
building with blocks, or fitting covers 
on boxes, they found that tho choice 
according to form was preferred. 

Ill 1927, Tobic (21) concluded from 
a CO inl)ination and revision of those 
experiments that up to the age of three 
yeai'B, eight months, there nppeara a 
phase of early development in which 
the reaction to form or color ia depend¬ 
ent not on tho central conditioning, but 
on the intensity and vividness of the 
factors themaolvea. Above this, the 
child is conditioned on constitutional 
grounds to prefer color, gradually 
sliifting over to form preference at 
about five years. 

In 1929, Brian and Goodonough (2), 
repeating and modifying the Dcscoii- 
drc.s oxperimont, found form prefer¬ 
ence at all times up to the age of eight 
years except between the ages of three 
and six years, when color gradually rose 
to n peak and subsided again. 

From the a])ove it is evident that 
the development of form perception is 
gradually beginning to appear aignifi- 
caiit about tho age of five years. While 
none of the experimentera have defined 


the term perception—many of them 
avoiding it completely—there seeing 
to be a general consensus of ojnnion 
that it refers to a certain type of reac¬ 
tion to sensory atimuli distinguished 
by a more or less well developed 
ability to discriminate—perception 
and diacrunination growing in a par¬ 
allel courae. It is in such a sense that 
the term will be used in the material 
here presented. 

It was in the course of a test for the 
discriminatory recognition of the dia¬ 
mond among a number of similar and 
dissimilar geometrical figures that the 
the unexpected fact was disclosed that 
the two oldest children of the group 
refused to accept as the aamcj two 
figures which were identical except for 
their orientation in place on the page— 
the long axis of one diamond being 
horizontalj and of the other being 
vertical. No such refusal, or even 
hesitation was noticed on the part of 
any other child in the group. 

Since the two children in question 
were at the voiy top of the age range of 
the group, being five years and one 
month and five years and three months 
respectively, it was logical to surmise 
that they might well be on tho lower 
limit of an ago range in which the 
orientation of a figure entered as ii 
positive factor in ita recognition and 
hence in its perception. Further pre¬ 
liminary study on another kindergar¬ 
ten group the same year, in which the 
age range was nearly identical, led to 
corroboration of the previous data. 
The demand for a test which would 
determine the possible existence and 
limits of siicli an nge range was obvious, 
and so was developed the final form 
of the experiment herein to bo do- 
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Bcribcd, aa a test by which to deter¬ 
mine, if posaible, the age when a, child 
either will, negatively, refuse to recog¬ 
nize '^Bamcneas** in two figures which 
are identical, but nob it the same posi¬ 
tion on the page, or will, positively, 
indicate by some word or action that 
they would be the eame if one or the 
other were turned part way around. 

DESCRIPTION OF EXPERIMENT 

A problem in visual perception is 
alinost bound to encroach somewhat 
upon kinaesbhetic perception, not only 
because of the eye movements accom¬ 
panying most acts of observation, but 
also, in the matter of certain grosser 
movements of different parts of the 
body—noticeably the hands. The 
latter is especially true when the aim 
of the perception is later recognition 
or reproduction. For this reason it 
was decided to combine with the test 
of form perception 2 other types of 
teat; one, a test of the development of 
motor control in handling a pencil, and 
the other a teat presumably of the 
ability to combine motor control and 
perception in the copying of a simple 
line figure. By showing the relation 
between the degree of development of 
the perception of form and the ability 
to copy a figure on the one hand, and 
motor ability and the ability to copy 
a figure on the other, it was hoped 
incidentally to throw some light on the 
general question of the relative im¬ 
portance of training in perception and 
in motor control for the accurate 
pictorial representation of form. 

The complete test consists of an 
army of 5 individual te.sta, 2 forms of 
the copying test, 2 of the perception 
test, and 1 of the motor control teat, 


which are given in two test periods 
two weeks apart in time. During tlio 
first test period the child is presented 
with 3 of the 5 testa, 2 of the copying 
tests and 1 of the perception tests. 
Two weeks later, during the aecond 
test period, the child is presented with 
the other 2 tcaba, the second percep¬ 
tion test and the test of motor control. 
A detailed account of the form of the 
testa and the experimeiifcal procedure 
follows. 

Copying Test: Drawing of Diamond 
from Visible Model 

The materials for this teat consist of 
a single white card 4 by 5 iiichca, on 
which is a black ink drawing of a 
diamond inches (long axis) by 
inches (short axis) (fig. 1, a). This 
card serves ft,s a model in both the 
copying tests and in the teshs of form 
perception. Slips of paper torn from 
pads 3 by 5 inches acorn to furnish the 
most convenient form for maintaining 
the record of performance. The child 
is seated comfortably across the table 
from the experimenter and is shown 
the model card in the horizontal posi¬ 
tion with the instruction: “Do you 
see this (pointing to drawing, but 
being careful not to trace)? Sco 
what a nice picture you can draw for 
mo that will look just like this.“ At 
the same time he is presonted with a 
slip of paper, also in the horizontal 
position, and ti pencil. Tinic is taken 
with VL stop watch from the moment he 
begins to draw until the pencil is, lifted 
after the last line. No matter what 
the result of the attempt, praise is 
given in the .simple form “That's 
fiiie '^ Wlicn the child hfus /ini.shed, 
the experimenter takes tlic copy and 
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rcGorda on the same slip the time taken 
for the drawing. In eases where the 
production is a mere scribble, the time 
ia taken between the beginning of 
drawing, and the first pause in opera¬ 
tions or wandering of attention siifii- 
cient for the examiner to terminate 
iiiattcra with ^^That^s fine’^ without 
appearing to interrupt an apparently 
well unified actWity. This same pro¬ 
cedure is then applied, with the model 
and paper both presented in the verti- 



a. Perception of Diamonfl Teat 
Fio. 1. 


(pointing again to the model).If 
the child says he ciiii't, lie is encouraged 
to try as hard as he can anyway by 
some such admonition as: but 

everybody tries,” or *‘But try just the 
best you can, anyway.*' 

Test of DiBcriminaiim Perce'ption: Per- 
ce'jUion of Diamonds—Vertical 
and Horizontal Presentation 

The materials for this test consist 
of the model card described in the 



t. Porception of Spoon Test 
RL Card a 


ca! position. Occasionally, if the 
second copy is better than the first, 
the form of praise ia changed to “That's 
the be.st one yet.” Frequently it ia 
found that when tlic child starts to 
draw, especially in the eases of the 
younger ones, the lines suggest 
something other than the form he haa 
been told to copy, and ho announces 
that ho will ninke you auch-nnd-auch 
a thing. The instructions are then 
repeated: ' ‘Bii t make something that 
looks juBt us much like this as you can 


copying test, and 4 cards 8J by 11 
inclies, each containing a variety of 
figures amiugcd as in figures 2 to fi 
inclusive. 

The diamond model ia placed in 
front of the Bubjcct in the vertical 
position, and the following directions 
are given: “Now, I have a card here 
with some pictures on it, and one of 
them looks just like this (pointing to 
the model), I want you to see how 
quickly you can put your finger on 
a picture on this curd (pointing to 
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the card) which looka just like this points again, saying something such as 

(pointing again to the model)^^ Then "No, fchia." In such a caac, the fact ia 

while laying the first card in front of recorded but no change ia made in the 

the subject * Where jb one that looka time. If an incorrect figure is pointed 
juab like it?" The atop watch ia to without change, the record is 

started at the moment the card ia made of the figure pointed to. 

placed in front of the subject, and ia Before the second card ia shown, the 



Fig. 2. Perception op Diamond Test—Gaud 1 



stopped the minute the finger comes 
to rest on the first figure indicated. 
No matter what figure is pointed to, 
the examiner's response is simply, 
“All right." Occasionally, the child 
realizes immediately that the figure 
pointed to is not the correct one and 


model is turned through an angle of 
90 degrees, so that the diamond is 
shown in the horizontal position in¬ 
stead of the vertical, to coincide with 
the position of the diamond on the 
second card. This is done without 
commenbj and in the least iiobiceablo 
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manner posaiblc. Then the second this (pointing again to the model and 
card is shown, witli the directions, "I talcing care that the child's attention 
have another card hero witli some is directed to it before the card is 



Fia. 3. Pehception of Diamond Test—Card 2 


picturcfl on it, Seo how quiokly you shown).)" It is found imperative to 
can find jv picturo on this card (points oxerciao great care in giving the dircc- 
ing to the card) wlucli looks just like tiona for the second card bo that the 
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^ca®9f>0 () A ^ 

^ 0 () ® 0 



Fig. 4. Perception of Diamond TEST^CAni) 3 
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Fj< 3. 6. pEBCBiiTioif OF Diamond Test—Gaud 4 
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inflection of the voice on the final 
“this"’ should not betray by a rising 
Inflection that the model was in any 
^vay different in form or position from 
the model as used for the first card. 
As in the first case, no matter what the 
rosponao of the child, the experimenter 
accepts it with the assurance “All 
right. “ 

Before the third card is shown, no 
change is made in the position of the 
model. In spite of the fact that the 
diamonds on the third card arc in the 
vertical position, the model is left in 
the horizontal. The directions here 
arc the same as for the second card, 
care being again exercised that the 
child's attention is drawn to the 
model before the card is shown, and 
that the experimenter's voice shall 
give no hint of the fact that there is 
any disorepanGy between tlie position 
of the model and the diamonds on the 
card. If the child states that there is 
no figure on the card like the model, 
or if at the end of 15 seconds he has 
made no response but shows by his 
actions he is still searching, the model 
is turned into the vortical position by 
the experimenter with the question 
"Now can you find one?" Whatever 
the response of the child, the experi¬ 
menter's response remains unchanged, 
"All right/' Finally, with the model 
still in the horizontal position, the 
fourth card—which differs from the 
tliird only in the fact that half of the 
diamonds have been turned through an 
angle of 90 dogrecs—ia shown with 
the same directions and the same care 
for details. Again, whatever the re¬ 
sponse of the child to the card, the 
experimenter accepts it as in the case 
of the others, Ou the fourth card, 


after the initial choice, the child is 
asked to point to all the figures ho can 
find which are just like the model. No 
time is taken for this, and the purpose 
of tho request is to detonnino wliothcr 
the child is choosing ouc position con¬ 
sistently, or is pointing merely to the 
first one in either position wliich looks 
to him like the inodcL 

A record is made of the time and 
correctness of each response, togotlicr 
with a mcmorniulum of tlio figures 
substituted in incorrect rc.si)onsc,s, and 
a detailed account of the respoufics in 
work or action to the third and fourth 
cards, 

Copj/ing Test: Drawing of Diainond 
from Memory of Modd 

The material for this test is blie same 
as that for the first copying teat. The 
child is shown the model in the hori¬ 
zontal position for 10 seconds, and 
while he is looking, the following 
directions uro given by tho experi¬ 
menter: “I want you to keep looking 
at this until I take it away. Soon I'm 
going to take it away and hide it, and 
then I want you to draw mo a picture 
that looks just like it." If tlic child's 
at ten bio u tend.s to wander from the 
model while tho experimenter is talk¬ 
ing, the ad monition is given to Iccep 
looking at tlie picture all the while. 
At tho end of 10 seconds tlio jnodcl is 
taken away and tunied over on tlio 
table, face down, wliilo tlio oxpcj’i- 
menter says, “Now, I'm going to take 
it away and hide it, like tiu.s." 'riieii, 
while placing before the child a slip of 
paper in the horizontal position, am! 
giving him a pencil, the experimenter 
says, “Now, see wluit a nice picture 
you can draw me that looks just like 
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tlie oiiG you have been looking peated, with the model and the paper 

tho child insists that he can't, he^'is in the vertical position instead of the 
urged to ^'Try anyway/' No matter horizontal. 





Fin. G. pEiicEi'TioN OF Spoon Test^Caih) 1 


wluit the result of the attempt, praise 
is given ill the simple form, “That's 
finc.“ Occasionally during this test, 
a child questions the examiner as to 
which position of the diamond should 
be drawn. In each ease a non-com- 
inittiil answer is given such as “Draw 
it just as you saw it on the card." 
Tlie record is taken of the time for 
drawing. Then the experiment is re- 


Testof Discriminative Perception: Per¬ 
ception of Spoons—Vertical 
and Ilorizojiial Position 

The Bccond discriminative choice 
test was devised with tho idea in mind 
that a child's response to the teat 
might be materially altered by the 
degree of familiarity of the objects 
figured. The model in this test con- 
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sieta of n spoon drawn to the same scale 
(iipproximatcly) as the model dia¬ 
mond (fig. lb). The figui-ea on the 
cardfl^ instead of being geometrical 


for this test are exactly blio same as 
those for the test of discriinimitivc per¬ 
ception in whicli tlie diamond served 
as the model. 





Fiq. 7. PEHcerTioN ov SrooM Tebt—Card 2 


forms are of objects more or less famil¬ 
iar in the life of the child, ne may be 
seen in figures G to 9 inclusive. The 
directi one, procedure, and record taken 


Motor Test: Drawing' Straight Line 
Between TiDolDols 

The materials for this test consist 
of a pencil and '1 slips of paper about 
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^ (3 ^ 

^ cS. (3 ® cSb 

cO . ^ ■^^(3 @ - c ^ J 

O ‘i ^ ds 0 

^C3 

0 O .s. (3 ^ 2 

O ® .& 0 © J 

Tia. S. Peiiception of Spoon Test—Gaud 3 

4^ by 5J inches, on each of which are 2 On the second and fourth slips, the 
dots 7C) mm. apart. On the first and dots lie in a lino slanting 30 degrnea to 
thud ftUpft, tlw. Uc in iv Uwc sUuUng Uw right of the vev tveal and GO degveea 
30 degrees to Llic loft of the vertical above the horizontal, 
and GO degiecs above the horizontal. The child La pi’cseiitcd \vith n pencil 
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Fiq. 9. Pehception of Spoon Tebt—Cafu) 4 

and the first slip with the directions: to the dot nearest the child) to this 
''See those two dots? I want you to dot hero (pointing to tl)o dot nearest 
BCG wlmt a nice straight lino you can the oxperiuienLer). I'legin liere (point' 
draw me from this dot Ikm’O (pointing ingagain to thedot nearest llicchild)." 
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This last iiiatriicfcioii cUcclcs a frequent 
tcudouey to begin drawing at tlic dot 
nearest tlio oxporiinontcu’. 

Time is taken from the moment tlic 
child begins to draw until he takes liia 
pencil from the paper. An iirrow ia 
used to indicate the direction in which 
the line ia drawn, and the paper ia 
numbered 1, so that any failure to 
carry out directions may be checked 
in the fuialysia. 

Three more slips of paper nre given, 
niimborcd 2, 3, and 4 respectively, for 
which the directions, procedure, and 
record are the same except for the fact 
thiit tho lines arc to l^c drawn in 
different directions. On the second 
slip, with its 2 dots in a direction 30 
degrees slant to the right of the vorti¬ 
cal, and GO degrees above the hori- 
zoiitnl, the line is to be drawn from 
the one nearest the child to the one 
nearest the experimonter, as in tho 
first slip. The third alip is like the first 
in form, and the fourtli slip ia like the 
second, but in both cases, the lines are 
to bo drawn from the dot ncaTCst tho 
experimenter to tho dot nearest the 
child. 

suijjncT.^ 

The subjects for the experiment con- 
flisted of 22() children between the ages 
of two years, seven months and nine 
years, Ihrce months secured from the 
Child Institutes at the Johns Hopkins 
University and the University of Minne¬ 
sota, and the kindergartens and first 
and second grades of two private 
schools in Ihiltimoro, Maryland. A 
survey of occui)atk)ruil group and social 
class was uniivailablo, but in general 
tlio children came from homes of better 
class bu.sincs.s and professional men. 


Mental ages were available for only 
138 of the group, and ao could not be 
used in the evaluation of the data. 
But the I. Q.'s for those for whom the 
figiirea were available ranged from 78 
to 158, with 15 cases below 100, and 
15 cases above 130, a median of 115.5 
and a mode of 116. 

The subjects may be first divided 
into 4 groups according to the type of 
data which could be collected for 
them, The standard group (S), of 
132 children, ia composed of those for 
whom a complete set of data is avail¬ 
able, and for whom the second test 
period followed exactly two weeks after 
the first* For the delayed group (H) 
of 23 children, a complete set of data 
ia available also^ bub for this group, 
tliG second teat period was delayed 
anywhere from 1 to 10 days beyond 
the two week interval. The incom¬ 
plete group (I) of 3G children presents 
data for the first teat period only. 
Finally, a preliminary group (P) of 
35 children presents data only for the 
first discriminatory perception test, 
and these data are in such form ns to 
be comparable but not identical with 
the data furnished in this test by the 
other Bubjecta. Though the procedure 
was the same, only 3 of the 4 cards were 
used, and the ecoring, done on the basis 
of 3 responses, and any no tea on the 
behavior of the child, allowed a con- 
sidcrahlo amount of error to enter 
into the score given. 

In general the unit of age employed 
was six months. From table 1 it will 
be seen that the greatest concentra¬ 
tion and most even distribution of cases 
fall in the age groups from four years 
to eight years, which period, under the 
conditions of the 0X[)criincnt contains 



Rice; Perception of Plane Figures 


127 


the critical point in the age scale. 
Below and above this period other 
/Actoi'fl enter to a large extent to con^ 
fuse the data. The justification of 
the incliiaion of these cases iti certain 
uses of the material will be evident 
Inter. 


TABLE 1 

Age dislributiom according to auhjcct groupa 


AQ^a 

w 

Q 

A 

-t 

Ui 

Kf 

M 

4- 

« 

+ 


PM 

4- 

M 

‘h 

P 

+ 

CQ 

2;1-2;Q 

0 

0 

0 

0 

0 

4 

4 

2;7-3:0 

3 

0 

3 

0 

3 

5 

8 

3fl-3:0 

7 

3 

10 

0 

10 

6 

10 

3;7-^:0 

3 

0 

a 

0 

3 

0 

9 


6 

2 

10 

3 

13 

5 

18 

^•. 7 - 5:0 

g 

4 

13 

5 

18 

6 

2Q 


11 

2 

13 

4 

17 

1 

18 

6:7-G:0 

7 

1 

a 

0 

17 

0 

17 

0:1-0:0 

21 

4 

25 

0 

25 

0 

25 

6i7-7:0 

18' 

6 

24 

3 

27 

0 

27 

7:H'6 

lo! 

0 

19 

B 

27 

0 

27 

7 : 7 - 8:0 

19 

0 , 

19 

4 

23 

0 , 

23 

d:l and 
above 

7 

1 

S 

' 0 

1 

1 

S 

0 

B 

Total... 

132 

23 

155 

30 

101 

35 

220 


TIlEATAri3NT OP DATA 

Witl) tlie material gathered and 
carofuliy recorded, the next step con¬ 
sists in devising methods of scoring 
by which it may be ovaluated and 
compared. 

The diamonds are scored according 
to their excel]ei^cy of foi'm. A scoj’o 
of 1 is given whczi no attempt to make 
a copy is evident,—the usual response 
of cliildren too yomig to understand 
the problem, A curvccl line enclosing 
a space is given a score of 2 points, 
and a score of 3 follo^v.s a reproduction 
of certain distinct characteristics of tlie 


figure, such i\g straight line boundaries 
and angles. An inferior dimnoiul with 
4 sides and 4 aiiglc.s and a semldanco 
of symmetry is given a score of 4, 
while a score of 5 follows good j)ropor- 
tion and correct orientation (fig, 10). 

The child's score for the diamond 
copying experiment is dctcnniiicd 
from tlio scores for the 4 ^?cpn^•nto 
diamonds as follows: (a) If three or 
four of the 4 scores arc the same, the 
summation score is taken its tlie same 
as the identical scores, (b) If the 
scores arc divided 2 and 2, the higher 
nuinlDcr is taken ns the siuninfitioji 
acore. (c) If 2 of the scores fall on 1 
number, and tlio other scores are botli 
odd, the summation score is consid¬ 
ered as the mean, calculated to tlie 
nearest whole number. In every case 
under this category the estimiitecl 
score falls on ojie of the auinbcr.s in¬ 
cluded in the inclividiuil scores. These 
scores, thougli rough, nre comj)imible 
to tlie more or less rongli scores of tlio 
other tests. Over two-thirda of the 
scores fall under category a aliovc, and 
another flcaiib fifth fnll under h, so 
tluit in general these scores are quite 
rcpresoiitativc of the ability of the 
subjects, A fiirllier u.‘5e of the dia¬ 
mond copying scores is made by e/ilcn- 
lating a Riunmatinn score for tlio score.s 
obtained when the cojiying was done 
with tlio model in .siglit, and one foj- llie 
score.s oh tinned from memory. 

On tlio perco]>Uon tests a score’bf 0 is 
given for total failuro on all 4 cards, a 
score of 1 if one form is di-scriminateft, 
of 2 if Uvo aro discriminated, and 
of 3 if three ai*o di.scriniinatefl. A 
score of 4 is given for a correct clis- 
criminalioii of form regavdlo.ss of its 
orientation on ail 4 onnts, jind a scoi o 
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of 5 ia Riven for a correct discrimina¬ 
tion of form on nil 4 cards, with an 
indication of the clin'cronco in oriciita" 
tion on 1 of the Inst 2 cards. (It is 
iiitcreating to note that in no case dur¬ 
ing the entire exporinicnt was there n 
die crimination against the diainonda 
on card 4 which corresponded in i)osi- 


copying and motor tests rcspecLively, 
the first 4 scores were grouped us 2. 
0 and 1 were grouped together as scores 
in whicli chance was the determining 
factor of clioice, and 2 and 3 were 
grouped together as scores in whicli 
perception of similarities between 
forma was just beginning to appear. 




e - iScovb i 


Fia. 10. Sami*i,kb ok Scoiunqb for Diamond Copying Test 



Fig. 11. Samples op ScoiiiKQs for Motor Tj:bt ry Detehmining Amount op Distance 
G ovEriNion within 2 mm. Radius ok Direct Path 


tion to the model.) Finally, a score 
of 6 is given for a correct discrimina¬ 
tion of form on nl! 4 cards, with an 
indication of the difference in orienta¬ 
tion on bo til of the hist 2 cards. 

To niaho these scores comjijirable 
for correlation to the H scores of the 


In scoring the performances of the 
children on the motor test a scale was 
constructed from transparent celluloid 
which could be superimposed on the 
line drawn and so oriented that on it 
could be roughly measured the amount 
of deviation of the line from the direct 
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path between the 2 dots. Both the 
motor test and the method of marking 

TABLE a 

FrcQiienciGs of scores for perception of 
diaTTionds 


1 bcoubs j 

3 

Q 1 2 3 

4 

6 

fi 

& 

H 

2:1-2:6 4 




4 

2:7-3;0 6 2 


1 


B 

3:l-3:0 43 2 

5 

2 


IG 

3:7-4:0 2 

5 

2 


0 

4:l-4:6 2 2 1 

12 

1 


18 

4:7-5;0 1 1 2 

17 

2 

3 

2G 

5:1-5;6 1 

10 

1 

b 

IB 

6;7-0:0 1 

10 

3 

3 

17 

0:l-0:a 

0 

3 

13 

25 

6:7-7:0 

a 

4 

16 

27 

7:l-7:6 ' 

1 

3 

23 

27 

7;7-8:0 1 

1 

5 

10 

23 

6:1 and 

3 

1 

4 

8 

above 
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TABLE a 

FregueTicies of scores for perception of spoons 


RtAidy of tho development of motor 
coordination in young childien l^y 

TABLE 4 

F rcguencicB ot scores for drawinff 0 / diamonds 
—Cotnhined scores /or dr(iwi7i[^s froui 
model, and drawings fro?iivie)nor}/ 


AOEB 

^ Broil KH 

1 tl I'A L 

1 2 

1 3 

i 

5 

2:7-3 :0 

3 




3 

3:1 3:6 

2 7 

1 



10 

3:7-4:0 

2 

' 1 



3 

4:W;0 

I 2 

' 7 ■ 



10 

4:7-6:0 

3 

1 10 



13 

5:l-ri;0 

2 

7 

4 


13 

6:7-0:0 



B 


8 

0:1-0:0 


10 

13 

2 

25 

6;7-7:0 


1 

2L 

2 

24 

7:1^:0 


2 

13 

4 

10 

7:7-B:0 


2 

14 

3 

10 

8;1 and 


2 

4 

2 

B 

above 





1 

1 

S + D.. 

1 150 


TABl.E 5 

Frcgiicncics of scores for rnolor test 


1 2 3 4 fi 



it are modifications of the test used by this scale, it may be determined what 
Miss Wellman (23) at Iowa, in her percentage of the distance between the 
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2 doU ifi covered within 2 iniii. devia¬ 
tion from the direct course. A series 
of 5 scores is used. A score of 1 is 
given to a performance in which there 
is no attempt to fulfill the terms of the 
proldcin. A score of 2 is given to a 
perform an CO in which less than 33 per 


score of 5 is given to a performance in 
which 100 per cent of the distance 
covered within the 2 mm. radius (fig. 
11). In determining a score for a 
particular child, the per cents for each 
of the 4 lines arc added and the final 
score is calculated on the basis of oiie- 


TADLE 0 

Avoragea and ranges of lime in seconds for responses in perception expcrLinenis 



DIABCOtJD TKST 

BFOON TKST 


Niiin- 

lier 

A-vor- 

ngc 

IVmngQ 

Nuiii- 

bor 

Avor- 

ago 

llfingQ 

Total. 

G20 

G.l 

.2-45.0 

020 

4.0 

.2-45.0 

Corrcob. 

580 

G.i 

.2-45,0 

007 

4.7 

.2-45,0 

Incorrect. 

34 

0.3 

.4-44.0 

13 

2,2 

1 . 0 - D.O 

Card 1; 







Total.. 

105 

1.8 

. 2 - 14.0 

155 

.9 

.2- 7.0 

Correct.. 

HO 

1.4 

.2-10.B 

151 

.0 

. 2 - 7.0 

Incorrect. 

0 

10.1 

.4-44.0 

4 

3.1 

1 . 4 - S.6 

Card II: 







Totnl. 

145 

2.6 

, 4 - 20.2 

156 

1.0 

.2- 7.2 

Correct. 

143 

2.3 

.4-20.2 

152 

1.0 

. 2 - 7.2 

Incorrect.... 

12 

4.7 

l.G-18,4 

3 

2.5 

1 , 0 - 6,0 

Card III: 







Total. 

155 

17.3 

1.2-45.0 

155 

14.2 

. 8 - 45.0 

Corroet. 

147 

17.9 

1,2-45.0 

162 

14.2 

.8-46.0 

Incorrect. 

B 

7.4 

1.2-28.2 

3 

1.5 

1.0- 2.0 

Cor.—Orient, abBcnb. 

80 

0.2 

1,2-40,4 

63 

4.6 

.8-25.4 

Oor.-'Orient, preaent. 

07 

31.8 

4.4-45.0 

80 

21.6 

1.0-45.0 

Card IV: 







Total... 

155 

2.0 

.4-24.0 

155 

2.3 

.4-28.0 

Correct. 

147 

2.8 

.4-24.0 

162 

2.3 

.4-28.0 

Incorrect.... 

8 

4.7 

2.0-14.0 

3 

1.7 

1.0- 2.0 

Cor.—Orient. nbHcnb. 

03 

3.1 

.4-24.C 

00 

2.4 

.0-28.0 

Cor.—Orient, preaent. 

84 

2,0 

.4- 8.(j 

1 02 

2.2 

.4-15.4 


cent of the distance is covered within 
the 2 nim, radius. A score of 3 is 
given to a performance in which 
between 33 and 07 per cent of the dis¬ 
tance is covered within the 2 mm. 
radius, and a score of 4 Is given to a 
performnneo in whicli between 07 and 
100 per cent of the distance i.s covered 
witliin the 2 nim. radiu.s. Finally, a 


fourth of the summation values thus 
obtaiued- 

Such methods of scoring are rough, 
but the lack of standardization of the 
tests themselves would obviate finer 
treatment, and each teat, as scored, 
indicates within itself, a consistent 
advance in performance ability from 
year to year (see tables 2, 3, 4, 5), 
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Experiineiitation in the handling of 
the data so as to give an accurate 
picture of whab actually took place, 
domouBbrated that, due to certain 
gaps in bhe data at the present time, a 
treatment of the data as actual fre¬ 
quencies rather than as per cents was 
much leas confusing. For this reason, 
except in a few special cases which 
will be clearly stated, the actual fre¬ 
quencies are used as bhe working fig¬ 
ures throughout the treatment of the 
data. 

Time and correctness of response in the 
perception experiments 

A tabulation of the time averages 
and ranges is given in table 0 for both 
the perception experiments. From 
this, the following facta are evident; 
(1) In all the reaponsea exclusive of 
those to the third and fourth cards in 
which orientation is differentiated 
there is a gradual increase in time 
required for the response from card to 
card for the first 3 cards, due to the 
increased complexity of the task. 
This is nob true for the fourth card 
which is enough like the third to make 
the effects of Icai’ning evident in the 
response. (2) The reaponsea for the 

second experiment are shorter than 
those for the first, again probably 
showing the effects of learning. (3) 
The incorrect responses are longer for 
the same cards than the correct, with 
a few exceptions due to the low num¬ 
ber of incorrect cases as compared with 
the correct. (4) Finally, the extreme 
increase in the reaction times for card 
3 is apparently due to the weighting 
given by the responses in which orien¬ 
tation is differentiated. Such responses 
are lengthened by the fineness of the 


differentiation required, and arc fre¬ 
quently iiccompauicd by hoaitabions 
and coinmenta which show a rccogui- 
tion of the reversed position of tlic 
figure, and which indicate that the 
response is to 2 similar figures in 
different positions, rather than to 2 
different figures. After the third re¬ 
action, the reaction to the fourth card 
becomes a relatively simple matter, 
as is indicated by the very much lower 
time average for this curd than for the 
third. The third card, then require.^ 
the solution of a problem by the child, 
and the way the problem is solved 
seems to throw a good clonl of light on 
the stage of development the percep¬ 
tual life of the child has reiiohed at the 
time of the experiment. 

The factor of orienlaiion as treated by 
the first perception expenmerit 

The point of primary interest in the 
experiment is the analysis of tln> dis¬ 
tribution of scores in the discriminatory 
perception tests, and of the bearing of 
the results on bhe question of orienta¬ 
tion of figures as a factor in their per¬ 
ception. For this analysis, the ma¬ 
terial in the S, D, I, and P groups is 
used, for though the data in the last 
group have been collected under 
slightly different conditions, the age 
rango of the group is such that, if its 
inclusion is justifiable at all, it will 
serve to add materially to the clear¬ 
ness of the frequency curves. It is 
felt that its inclusion is justiriable, 
moreover, because of bhe very slight 
change which occurs in the form of the 
frequency curves when these data are 
added. A study of the probabilitic.s 
of curve fit showed that only in 1 
age group does the figure drop below 
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.8, fliul in thia particuUr ccisc^ tlie 
accumulated frequency of the D, 
niid I groups ia increased 200 per cent 
by the addition of tlie P data. Con¬ 
sidering the Email number of casca 
included, the probabilities are great 
enough to justify the addition of the 
data in the P group to those of the 
other three groups. 

Tlie curves of thia distribution of 
BGoro frcciuciicics plotted from the data 
of table 2 arc ahown in figures 12 and 
13. In figure 12, which shows the 



Fig. 12. SconK FnEQUBNciBs Fon Aqeb—F insT PHncErxioN Test—Scores 0, 1, 2^ 3— 

S + D + 1 + P 

-- 0 acoro. 

. = 1 flcoro. 

— o—“— = 2 score, 

—X—X— = 3 score, 


other than the diamond. With ono 
exception these occur below the age 
level of 3 years 4 months. The score 
of 1 has 4 poaaiblo forms. Of these, 3 
occur, and within the 5 cases, 3 of the 
correct responses fall on the first card, 
and 1 each on the second and third. 
It is aomewlmt doubtful whether such 
responses indicate anything more than 
chance successes. The predomiimnco 
of successes on the first card may indi¬ 
cate that tho perceptual ability is 
there but that the child has not yet 


curves for scores 0 to 3 inclusive, in 
spite of the still too scanty number of 
eases, the general tendency for each 
succcc<ling score to persist to a greater 
age than the one just below it ia evi¬ 
dent, showing a gradual development 
of perception from a stage of no recog¬ 
nition to one of fiiirly accurate dis¬ 
crimination. A closer inspection of tho 
various kinds of responses for which 
these scores stand ia interesting in this 
connection, Tlio 0 acores, obviously, 
arc those in which nil 4 re5pon5e.s (3 in 
the criKo of the P data) are to figures 


developed a suflicienb degree of con¬ 
centration to carry the problem in 
mind mthout distraction through the 
4 responses. At least it rather obviates 
the possibility that tho main cause for 
error is a lack of understanding by the 
subject of the problem in hand. The 
elements of chance succesa and lack 
of concentration seem to carry over 
into the 2 score. Here, in the total 
of 7 cases, 3 made correct responses to 
the first and third cards, 2 to the first 
and second cards and 1 each to the 
second and third and to tho third and 




Rice; Perception of Plane Figures 


133 


fourth cards. For tho score of 3 Icaa 
variation is shown than would seem 
probable. Six of the 8 cases indicate 
correct responses for the first, third 
and fourth cards, and the other two for 
the second, third and fourth cards. 
The predominance of errors on the 
second card, and the form those errors 
take indicates that the low score is 


a lack of appreciation of the problem 
to which the response is to be made. 

A further analysis of the types of 
errors made in scores 0, 1, and 2 indi¬ 
cates an interesting course of develop¬ 
ment in discrimination. Of the 4G 
possible responses included in the 0 
scores, 1 response was wholly negative, 
10 consisted in pointing to each figure 



Fig. 13. Bcohe FaKQOENCiiiia von Ages— Fiiist PiawcEP'noN Test — Scouiisl, 5, 0— 

S+D+I+P 

- = 4 score. 

- = 5 score. 

—o—o— = 0 score, 


caused mainly by the fact that the 
child has not yet reached the age of 
critical discrimination of form. Four 
of the 6 errors on the second card consist 
in responses to triangles, and the other 
2 in responses to a truncated triangle 
and a rectangle respectively—all forms 
very similar to the diamond. The 2 
errors on the first card consist in re¬ 
sponses to tho circles, and may indicate 


on the card in turn, 27 consisted in 
pointing to a circular figure (the circle 
on the first 2 cards and either the 
elipse or the wheel on the last), 3 to a 
rectangle, and one each to a curved- 
topped quadrilateral, a star, a hexa¬ 
gon, a pyramid of three bricks, and an 
irregular quadrilateral. The great pre¬ 
dominance of responses to the circular 
figures is interesting in connection with 
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the genonil contention tliiit circles are 
tho first recognizable driiwings iniiclc 
by cliiklroii, and probably the first 
plane figures recognized by them. 
The rc8]ionse of iiointiiig to each figure 
on the card in turn is also indicative of 
a very early stage of the response and 
does not occur except in the 0 score 
group. Among tbe cases scoring 1 
point tlic responses to circular figures 
still aiipcar as the most frequent 
eiTors, and coni])rifio 4 of the 13 pos¬ 
sible rcspoi).ses. After this, stars and 
rectangles occur twice ciich> and there 
are single responses each to the 
triangle, curved-topped qnadnlatcriil, 
OTCgular quadvilaternl, pyramid of 
bricks imd bow. Here we find an in¬ 
crease in the proportion of angular 
figures. Whether or not we can say 
that the child is choosing tliem because 
they arc more like the diamond is 
doubtful. But at least wo arc ap¬ 
proaching a broader field of recog¬ 
nition than that limited to the circular 
foriuB. This field broadens still far¬ 
ther in the cases in which 2 correct 
responses arc given. Here, of the 0 
instfinces of error only 3 are circular 
figures, while 2 arc triangles, and single 
cases occur of the rectangle, curved- 
toppccl quadrilateral, pyramid of 
bricks, and bow. Though there is 
liore a lack of any particular emphasis 
on the circular figures, the figures 
chosen, as a whole, do not yet bear any 
striking resemblance to the diamond, 
as is true in the errors recorded in 
connection with the scores of 3. 

With tins picture of the general 
perceptual development as a back¬ 
ground, it is most interesting next to 
compare the curves for the next 4 
scores, all of winch bI and for perfect 


disci’ini illation of the diamond, bub 
with different qualitative factors in¬ 
cluded. In figure 13, which shows 
the curves for scores 4 to C inclusive, 
an exceedingly interesting period of 
development is displayed. Appearing 
as early as three years in a few scatter¬ 
ing cases and rising rapidly to a climax 
between four and one-half and five 
years, the recognition of likeness be¬ 
tween the 2 figures, regardless of their 
orientation on the sheet—as repre- 
sented by a score of 4—begins to drop 
off in the face of the rising scores 5 and 
6. Indeed, scores 4 and 6 show a very 
beautiful opposition repreaentative of 
the antngomam of the 2 responses im¬ 
plied. For the recognition of like¬ 
ness between 2 figures only when they 
are identically oriented—as repre¬ 
sented by the score of 6—not only 
develops after the state represented 
by 4, but develops to its final exclusion. 
Score 5, on the other hand, represent¬ 
ing an apparent state of doubt on the 
part of the child between scores 4 and 
6, shows no peak between the peaks of 
these scores—a situation which might 
have been expected rather than tlie 
one shown. In fact, the distribution of 
score 5 as it appears in the curves raises 
a strong question whether the jump 
from a score of 4 to a score of G is not 
a sudden one, with no intermediate 
step, and whether the score here 
represented by 5 may nob represent 
an even greater mental development 
than that represented by 6. On the 
face of it the drop of the curve of score 
6 from a frequency of 23 at seven bo 
seven and onc-half years to a fre¬ 
quency of 16 at seven and one-half to 
eight years, and a coincident rise of 
score 5 from 3 to 5 during the same 
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time may be significant. Beyond 
eight years, the forms of the curves 
nre not significant—-a fact which was 
previously stated in the discussion of 
tlic choice of subjects. Whether the 
addition of more subjects in age 
ranges above these studied here would 
lead bo a further drop in the curve of 
score 6 and a corresponding rise in the 
curve of score 5 will need further ex¬ 
perimentation to determine. If, as 
Dunlap has stated, in developing per¬ 
ception we are at the same time de¬ 
veloping thinking by laying in store 
elements later to be used in thinking, 
might not the state represented by 
score 5 be one in which a more com¬ 
prehensive integration of perceptual 
elements had been utilized, i.e., a state 
in which simplicity of response had 
given place to a complexity of possible 
responses which made the final clioice 
doubtful, hesitating, and perhaps we 
might aay, more thoughtful than the 
rest. A closer analysis of the actual 
responses grouped under the score of 5 
may tlirow some light on the matter. 

The absence of card 4 from the P 
group obviates the use of these data 
in such an analysis, but among the 
total number of 191 cases included in 
groups S, D, and I, 24 received a score 
of 6 on the first perception experiment. 
Three of these 24 cases were instances 
in which the child responded to the 
third card negatively, in one case being 
unable to find a figure like the model 
until the model had been turned into 
the position of the diamonds on the 
card, and in the other 2, pointing to 
some of the diamonds on the card, 
but objecting to the fact that they were 
turned in the wrong direction. At the 
presentation of the fourth card, how¬ 


ever, both positions of the diamond 
were pointed to without discrimina¬ 
tion in all three cases. In the 2 cases 
which commented on the dilfcrencc in 
orientation, each child seemed per¬ 
fectly conscious of the factor, but 
seemed to be having difficulty in decid¬ 
ing whether the exporimentor wanted 
the diamonds pointed out with refer¬ 
ence to or in spite of it, and finally 
decided to do it in spite of the factor. 
The other case showed nothing by 
which such an intorpretiition could 
be made. 

In the other 21 cases, the Bituabioii 
was reversed. Here the diamond on 
card 3 was pointed to with little or no 
hesitation and without any apparent 
consideration of orientation as a limit¬ 
ing factor. But upon the presenta¬ 
tion of the fourth card on which dia¬ 
monds appeared in bptli positions only 
those in the same position as the model 
were indicated. In no case was there 
any attempt on the part of the child 
at an explanation of what to an adult 
mind would be an ambiguous response. 
The child waa apparently solving each 
situation as it came up. Either the 
lack of any diamonds on the first card 
to coiTcapond exactly with tlie model 
led to the choice of the second best, 
and the presence of both kinds on the 
fourth card led to the choice of only 
those most exactly like the model, or 
else the presence of the 2 kinds on the 
fourth card called the child’a atten¬ 
tion to a factor which ho hud not 
noticed before, and served as a sugges¬ 
tion to him to treat the situation in a 
new way. If the latter is the case it 
may well be argued that the reaction 
receiving a score of 5 is a more inter¬ 
mediate response between the reac- 
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bions represent qJ by acovea 4 nv\d Q. 
If tho former is the case the reaction 
woviUl seem to be more tliab of liicIg- 
ciaion on the part of tlie child aa to 
just what sort of a reaction is wanted. 
There ia iiofcliing within tlic experiment 
itself by which the possible attitude 
of the child can be discovered, or by 
which wo are justified in assuining one 
explanation or the other for the occur¬ 
rence of a reaction coiToaponding to 
score 5. 

A tabulated compariaon of the 
responses to carda 3 and 4 for all tho 
191 cases in groups Dj and I show 
that 89 per cent of the responses are in 
agreement on the 2 cards, while only 
2 })cr cent (those receiving score 5) are 
in disagreement. Of the 88 per cent 
in agreement, 5 per cent (including all 
individuals having scores of 0, 1, and 
2) were consistently incorrect, 41 per 
cent (including all individuals having 
scores of 3 and 4) were consistently 
correct, bub showed no sign of tho 
recognition of differences in orienta¬ 
tion, and 43 per cent (including nil 
individuals having a score of 6) were 
consiateiiLly correct and cognizant of 
orientation as a factor in tho percep¬ 
tion of likeness in plane figures. Tho 
relatively small number of inconsistent 
responses would lead one to one of two 
conclusions, either that the stage of 
uacertainty, if existing, aa was first 
thought, between types of responses 
represented by scores 4 and 6, is ex¬ 
tremely transient, and is caught only 
very infrequently by such a teat, or 
tho inconsistent response is a more 
mature response than those repre- 
Bonted by cither score 4 or score 6, and 
so is only beginning to appear in tho 
ago range hero covered. Careful de¬ 


velopmental study of a consider able 
number of individual children over a 
number of years would indicate any 
bases for accepting or discarding the 
first conclusion, while an extension of 
the upper age limit on the present 
experiment would go far in justifying 
or eliminating the second. The status 
of the scoring in this experiment is aa 
yet so much that of uncertainty that 
it ia impossiblo to state arbitrarily, 
without this further study, that one of 
these three higher scores indicates a 
more mature response than another. 
We can merely point to the results of 
the experiment aa indicative of a fairly 
clear state of affairs during the ages 
two and one-half to eight years, and 
leave the significance of the various 
responses, in the light of maturity of 
development to be determined after 
further experimentation at other age 
levels. 

A comparison of ike first and second 
perception experiments with a view 
io ike part fainiliariiy of the figure 
may play in the modification of the 
reaction to orientation 

A comparison of the first and second 
perception experiments involves only 
the data from subject groups S and D. 
The justification of the use of the D 
data in the second perception teat 
(which might be questioned because 
of the variability of the time between 
the 2 test periods for this group) is 
based on a comparison of the close¬ 
ness of fit between the frequency 
curvea for the 2 groups on the first 
test, and the closeness of fit between 
the curves for the 2 groups on the 
second test. In only one case does 
tho difference between tlie closeness 
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of fit in the first experiment and the 
closencaa of fit in the second exceed 
twice the value of aigina and become 
significant; and that particular in¬ 
stance ia one in which the discrepancy 
liea obviously in the low value of the 
probability in the first perception 
experiment. 

In proceeding, then, to a compari¬ 
son of the results obtained on the first 
perception test with those obtained on 
the second test, for the S and D groups 
—155 oases in all, it was assumed at 
the outset that the factor of familiarity 
of the figures might in some way affect 
tlie influence of the factor of orienta¬ 
tion, and that if this influence were 
present, it would probably be on the 
side of lessening or even eliminating 
the effect of orientation, so that the 
child would pay no attention to the 
position of the figure in his choice. 
Here ease of recognition would increase 
the likelihood that slight differences of 
detail would be overlooked. A gen¬ 
eral correlation between the scores on 
the two tests irrespective of age gives 
.GG±.032. This correlation, in the 
absence of other testa of tho same 
factor to which this test may be com¬ 
pared, shows a good reliability of the 
test within itself. It also seems to 
indicate that though there may be 
some factor entering in the second teat 
which was not present in the first, 
to keep the correlation from being 
higher, whatever that factor is, it does 
not have any tremendous effect one 
way or the other. A close analysis of 
the changes in score from one test to 
the uther will be interesting in this 
connection. If the factor is the one 
of familiarity mentioned above, one 
would expect to find a good majority 


of losses in score over gains, especially 
among the scores 4, 5, and 6. As a 
matter of fact, in the 45 cases in which 
a change in score occurs between the 
first experiment and the second, there 
are 36 cases in which the score is 
raised and only 9 cases in which the 
score is lowered. Each of those 9 
cases, moreover, represents only a 
single point's loss, one being a drop 
from a score of 1 to a score of 0, 7 being 
drops from scores of 5 to scores of 4, 
and 1 being a drop from a score of 6 

TABLE 7 

Detailed table of gains and losses in score 
for whole group,^fTO}fi diamond per¬ 
ception te3t to spoon perception test 



to a score of 5. The gains, on the 
other hand, not only predominate four 
to one in number, but range in magni¬ 
tude from one to four points and total 
62 of the 71 total points of change re¬ 
corded between the 2 experiments. 
A detailed table of the gains and losses 
will be found in table 7. It is fairly 
certain from this that familiarity with 
the figure, if it docs serve as a limiting 
factor, does not tend to overshadow 
the factor of orientation. If any¬ 
thing, it tends to sharpen it, though 
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Ihp, tendency lo iucreiusc in score is 
probably not Ru/liciont to warrant the 
assumption of any factor other than 
the more greater familiarity with the 
procedure wliich the chiltl expcrionceg 
at the second tost pciiocl. 

The probability that greater famil¬ 
iarity with the procedure of the 
second test is the determining factor 
in cliangos in score between the two 
tests is lieightcned by an inspection of 
table <). From this it is evident that 
28 of the 45 changes—both gains and 
—are from one of the doubtful 
scores, 0, 1, 2, 3, or 5 to one of the 
positive scores, 4 and G, and It of the 
gains are from score 4 to score 0, i.e., 
from one positive score to nnother 
more advanced. Thirty-nine, then, 
of tlio 45 changes arc toward greater 
ccrtniiity. Two, one loss in .score from 
1 to 0, and one gain in score from 0 to 
3j are from hesitation to hesitation in 
nature, and only 4, one loss in score 
from G to 5, and three gains in score 
from 4 to 5 ahow n change from poei- 
tivencs.s to hesitation. In general, 
then, on the second tost the children 
were nmeh surer of what they were 
going to do, rind probably the correla¬ 
tion lictwftcn the 2 teats in iifl lo^Y oa 
it is, inoroly bccauso of the greuter 
fainiliarity of the children with tho 
experimental procedure at tho second 
test period, and not bocausc of tho 
interference of a factor of familiarity 
of the figure with the factor of orienta¬ 
tion. This point could he assured by 
reversal of the order in which tlie 2 
perception testa are presented to the 
children. 

A further analysis of the distribution 
of the chiingca in score shows that they 
ivro fairly evenly distributed over the 


ago range. Twenty cases of change 
occur in the first 3 years of the age 
scale, from two years seven months to 
five years six months, and 25 cuse.s 
occur in the last 3^ years, from five 
years seven months to nine years throe 
months* Of the 20 cases of change in 
the first half, 15 arc cases of gain and 5 
are cases of loss, while of the 25 eases 
of change in the second lialf, 21 are 
cases of gain and 4 are cases of loss. 
Among the gains, those of the greatest 
magnitude aro confined to the earlier 
a years. In this group are 100 per 
cent of tho gains of 4 points and 3 
points, 25 per cent of the gains of 2 
points and 33 per cent of the gains of 

1 point, and the other 75 per cent of 
the gains of 2 points and 67 per cent 
of the gains of 1 point comprise the 
total number of gains in the last three 
and one-half years. 

Generally speaking, though the gains 
and losses are fairly well diatributed 
over the age scale, the gains for the 
first three years average much larger 
than those for the last three and 
one-half years. This fact in itself 
would tend to lower the correlation 
between the 2 tests, and further em- 
phiiaizies the fact that it ia probably 
the greater familiarity with the pro¬ 
cedure of the second tost which ac¬ 
counts for any differences between the 

2 pcrformaiicea. 

Comparison of the tests of discrwihiative 
perception \aiih Ihe related tests of 
copying and motor control 

It remains now to show what bear¬ 
ing performance on these tests of 
discriminative perception has on tho 
ability of a cliikl to copy a given 
figure, and to compare the relative 
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parts perception and motor ability 
play in auch copying. For this only 
S and D data are used, 

Because of incomparable scaling of 
die perception tests aa compared with 
the better standardized scores on the 
other two tests correlations are of 

TADLE B 

frcquanciea of scores for 'perception of dia¬ 
monds as compared with scores for 
copying diamonds 



TADLE 0 

Frcguenciea of scores for perception of spoons 
fls compared with scores for copying 
diamonds 



little significance except to indicate 
the possible validity of the scoring of 
the perception tests themselves. A 
better comparative picture of the 
responses given on the respective tests 
is gained from tables 8j 9, 10, 11 and 
12 . 

While the table giving the scores 


of the diamond copying test as com¬ 
pared with the motor test scores 

TABLE JO 

Frequencies of scores for 2)erccpt{an of dia- 
mojids as compared with scores for 
motor leal 



TABLE 11 

Frequencies of scores for perception of spoons 
as compared luith scores foY motor teat 



TABLE 12 


Freqiiencies of scores for diamond copyi7\g 
lest fls compared with scores for 
motor test 


MOTOR 

TEST— 

BCORKa 

DIAMOND COrviNG TtKT—HCODtfl 

. 

2 1 

3 i 

' i 

5 

5 



2 1 

5 1 

1 

4 


5 

20 ' 

47 1 

11 

3 

i 

5 

10 

25 

1 

2 

4 

4 

1 



1 

2 

2 

1 1 




shows an even progression helwcen the 
2 testa, the tiiblcH giving the score 
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fi’ocivw^nclea foi’ tlio pcvceptiou tests 
and the others show the diflicuUy 
whicli arises in trying to get an oven 
\K 0 gi'cssiQn between two testa graded 
in aiicli a manner that one presents a 
iinimodal curve of frequency and the 
other a biinodnl, and that while one is 
scaled high enough so that there is a 
drop in frequency at the end of the 
curve, the other is not. In spite of 
this, however, there is iiidiciitcd a 
more or less piinillcl progression of the 
two sets of scores in each case. This 


the diamond testa in compariaon with 
tlie substantial correlations between 
the first perception experiment and 
tliG diamond testa. Tliis phenomenon 
is explainable first on the grounds 
that the first perception experiment 
and the diamond testa were done on 
the same day, while the second percep¬ 
tion test was performed two wcclca 
later, and second, by the factors of 
learning and greater familiarity with 
the procedure epxcrienced in the second 
test period. The scores on the first 


TABLE J3 


PEnCEt*TroK OF 

DnATl’INdfl OF 

p 

' FEr 

Pp 

DinmondA ■ 

All (liamonds... ... 

.35 

.032 


Spoons : 

IDinmoncls : 

All di amonda. 

.01 

.05 

.8G5 

Dinmond from niodol. 

.37 

.047 

.00000022 

SpOODB 

DinmoDdfl 

Diamond from model. 


.05 

.0424 

Diajnond from memory. 

■B 

.06 


Spoons 

Diamond from memory. 

.25 

.06 



TABLE 14 


factors involved 

r 

PDr 

Pr 

All diamonds : Motor Teat... 

.18 



Memory diamond : Motor Test.. 

.25 


.OOOD38 

.000938 

Viaiblo diamond \ Motor Test. 

.26 

.06 1 



is more true of the tables comparing 
the scores of tho first perception ox- 
Iicrimenb with the other tests than of 
those comparing the second percep¬ 
tion experiment with the same tests—a 
fact which bears out still further tho 
contention of a dilTcrcnce between the 
factors involved in the two perception 
tests. 

The correlations serve to show some 
interesting tciidonciDS (see table 13 ). 
Tho first thing of note in these Rgurea ia 
the lowness of tlie corrclationa betweeu 
the second percoption experiment and 


perception teat arc undoubtedly a 
more accurate estimate of the general 
state of the child’s perceptive ability 
along the lines indicated than scores 
on the second perception test, and for 
this reason the fairly high eorrelations 
betweeu this teat and the diamond test 
are of vast interest in indicating a par¬ 
allel development of perception and 
ability to copy figures. 

The second point of interest iu the 
above figures lies in the fact that the 
highest correlation is between tho 
perception of diamonds and tho dia- 
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mond drawn from memory. The 
factor of holding a memory image of 
the figure long enough either to find 
it again or to i-eproduce it seems to 
bind these 2 testa together. The 
correlation between the memory dia^ 
mond scores and the visible diamond 
scores is .36 ±.047, and the fact that 
the correlations between the first per¬ 
ception teat and the diamond copying 
test are as high as or higher tlian this 
correlation is an added point in favor 
of conceding some alight significance 
to the figures. 

The correlations between the scores 
for the diamond copying teats and the 
scorea for the motor teats are ahowii 
in table 14, They are positive^ but 
Icsa aignifleantj a fact doubly interest¬ 
ing because these correlations are be¬ 
tween 2 relatively well standardized 
tests. 

Tonally, the correlation between the 
scores on the motor test and the scores 
on the first perception test is found 
to be .68 ±.03, This is the highest 
correlation to be found in the whole 
group^ and ia interesting in view of 
the axiom derived from the response 
hypothesis that accuracy of motor 
response ia a basis for accuracy of 
perception and later of thought. It 
may be that precocity in general 
motor development ia paralleled by a 
corresponding pi’ccocity in the de^ 
velopment of pDrcDption, and that the 
reason the correlation between the 
motor test and the diamond drawing 
tests is not greatei' lies in the greater 
complexity of the factors involved in 
the diamond drawing tots which are 
as yet \manalyzed and confinsc the 
issue, 

Tile probability of entrance of ex¬ 


traneous factors into the second per¬ 
ception testis strikingly substantiated, 
in the view of the last ]Riragi aph by tlie 
fact that the correlation between this 
test and the motor test is -- .17 ± .O^i. 

To return to the nature of the l e- 
sponso scored ns 6 on the perception 
expei-iments in the light of this dis¬ 
cussion—if score 6 is in reality a supe¬ 
rior score to score 6, we would expect 
to find that the motor scores for 
children receiving scores of 5 on the 
first perception experiment would bo 
relatively higher than those for the 
other children. But, in 10 of the 20 
cases in which these data arc avail¬ 
able, tile scores on the motor test fall 
exactly on the inodes of tlin score 
frequency curves for the particular 
age.9, in 7 cases they fall 1 point below 
tile mode, and in 3 cases they fall 1 
point above. Very little concliigive 
evidence is to be obtained from tliis 
survey, and what may bo obtained 
rather disavows any superiority in the 
children scoring 5 on the first percep¬ 
tion test. 

CONCLUSIONS 

Summarizing, it must l^e said that 
the results arc on the whole indicative 
rather than conclusive. The 
jeets nre too few, and there is boo little 
inateriiU with which to compare the 
results of the tests, to give tJie inter¬ 
pretations herein presented other tlinn 
a tentative aspect. A few points, 
liowever, arc clearly brought out ns 
follows: 

1. Orientation on the page, of plane 
figures, appears to risoratlicr siiclclcnly 
ns a factor in their perception between 
tlic ages of fi and fi yeni's—or between 
the standard IcindurgarLon Jige iind Ihe 
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fltandiird first frmdo ago. The break 
is auddon for the 

Liitlividiial child with little or no 
transition; and for fclie group, ib may 
be located mucli more exactly than 
one might expect. 

2. la the work here outlined, the 
degree of familiarity with the figures 
used in the perception teats seema to 
bear little or no relation to the reaction 
tewmd the orientatiou of the figures 
on tlie piirb of the child. Any relation 
which may exist, is in this case ob¬ 
scured by thooIToctof greater familiar¬ 
ity with the test procedure at the eec- 
ond test period, 

3. The first perception teat may be 
taken aa a truer measure of tlic child's 
general peicepbunl devolopinenfc along 
the liiica indicated than, the second 
perception test, becauao of its greater 


freedom from any factor approaching 
that of Icaruing. 

4. Perceptual development appears 
to be more closely allied than motor 
development with development in 
imitative drawing. 

5. A very high correlation exists 
between scores on perception and 
scores on motor control. Just what 
this means is speculative, but it is 
highly probable that it ia iudieativc of 
a very cloae interplay of the two 
factors in the course of the develop¬ 
ment of the child. 

0, Aside from those general points, 
a specific field for further speculation 
and investigation lies in determining 
the significance of ambiguous perform¬ 
ances and ill determining the relation 
of tho reaponsGs given at these ages 
with those of adults. 
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An Adaptation of the Ishihara Color 
Test for Use with Children of 
Pre-School Ag'e 

FlOMJNCE C. WoELFEIj 


I N THE absence of objective data., 
the usual viewpoint ns to color 
vision tvud color discrimination 
in the pre-Bchool child has boon Bhnilar 
to thiit expressed by Spindlcr (3): 

"It 8ccmfl cerlnin llmt tho perfectly 
normal child for some time after birth is 
color blind. Tlic probability is that there 
is no Bccurnto discrirainution of colors felt 
hy (he child till ho is three or four years old, 
and timt the discrimination is cxcccdinKly 
imperfect and prooceda very slowly and re¬ 
quires much time and training." 

Sulina ( 4 ) reported an attempt to 
study in a fairly comprehenaive way tho 
development of color sense in cluldrcn, 
Hb tcated 336 children from one to 
fourteen years of ago and concluded 
that the color actisc is not developed 
under two years (15 eases), but that 
it begiim to function nml can bo dem- 
onatrated nt two y(?nrs (29 cases), be¬ 
coming completely developed between 
tho fourth and sixth year (53 cases). 

Tina artiolo reports au attempt to 
ftdnpt the Ishihara tests for color 
blindness for use with children ap¬ 
proximately four to six years of ago. 
If color sernsc is dcvoloping gradually 
toward perfection during this period, 
it would be interesting to have an 
easily applicable tost which would 


show how far any individual child's 
color discrimination had proceeded. 

For use with children of three to six 
years of age a matching test on a 
multiple choice basis was devised, the 
idea being that children of this ago 
could show by matching the coiiect 
number with each of the Ishihara 
plates whether or not they could see 
the numbers on them as an adult of 
normol color vision would, 

The Ishihara tests (2) consist of 16 
plates, of which numbers I through 
XIII only were considered suitable for 
this adaptation. Each of the Ishihara 
plates shows a number made up of 
small dots of color on a continuous 
background of other similar dots of 
different hues. Each plate is so con- 
struGted that people of normal color 
vision can easily read the nvrraber cor¬ 
rectly, while the color blind will read 
it as a different number (e,g. 3 instead 
of a for Plate II) or will be unable to 
read it nt all. Two of the pktea (X 
and XI) are so devised that the major¬ 
ity of the red-green blind will read a 
figure in each, while the majority of 
the normal (and the totally color 
blind) Ctannot sec any number there, 
or can hardly rend it, Thus the differ¬ 
ence between tho normal and the ab- 
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normal indivkluals in color vision is 
sliown by the way they read the Ishi- 
hara plates. 

A preliminary test of each child was 
necessary to show whether he could 
match numbera when the element of 
color was not involved. For tliia pur¬ 
pose a series of numbers wna painted 
(black oil a white background) on 
tracings of each of the numbers on the 
Isliiliara plates, so that the black 
numb Cl'S would be of the same size, 


Col.o^Tc3 T CblquTiit 
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Fiq. 1. Median Scoiies foii Each Aoe 
Level 

and siinilarly constnictcd of a series 
of dots rather than a continuous line. 
In the preliminary test each child was 
shown 4 at a time ef these black num¬ 
bers. The number to be matched 
was then placed just below the 4 and 
the instruction given to “find another 
one up there (pointing to the row of 4) 
just like this one: another one that is 
just the mme as this one." The time 
required to match the number was 
taken by a stop-watch. In tliis pre- 
liiniimry lost, if the child indicated a 


wrong number, the two were placed 
side by side and the question aslcccl, 
“Arc they the same"?, while the num¬ 
ber wua traced with the fore finger. 
In practically every case, the child 
then quickly made the correct choice, 
and very rarely was thuic more than 
one mistake of this kind in matching 
the series of blade numbera. 

For the color test proper, a aeries of 
numbers was made with water coIorSj 
duplieating as nearly as jiossLblc all 
the numbers on the Isliiliara plates ns 
they would be read by those of normal 
and of defective color vision. From 
these a multiple choice series of 4 num¬ 
bers was selected for presentation witli 
each plate, the scvics consisting of the 
correct number to be cho.sen by the 
normal, the number which a color 
blind person would be expected to ace 
and two other numbers different in 
form and color from the two just men¬ 
tioned, The position in the series of 
tlic correct and color blind choices was 
changed for each plate, so that choice 
would not be made on basis of position 
in the row. In giving tlie teat, the 
Ishihara plate was placed below the row 
of 4 luimlicrs and the child told, as in 
the preliminary te.st, “Find another 
one up thtM’e j ust like or just the same 
as this nne.“ The time of each choice 
was also recorded, and any relovuiit re¬ 
marks by the child or anything uuusual 
in his manner of attacking the task 
were also noted. The scries as pre¬ 
sented for multiple clioice with each 
Ishihani plate is given in table 1 with 
the normal and color defective scoring 
as given in the Ishilmra liooklet. 

The Isliiliara instruct ions say that 
'it is csseiilial that tho lest should bo 
conducted in a light room in the day- 
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time/ la thia experiment with cliil- 
clren, the teats were given only on 
sunny clnya and the cliild wfts seated 
near a wLadow, thongU tlic sunlight 
did not fall directly on the cards. 
Even on sunny days, however, the 
illuminiition is far from constant, aa it 
varies with the time of the year and 
with the frequency of clouds which 
may hoav and then paaa acroaa the auti. 
In the intcrcata of eliminating vari- 


TABU^ L 


iflili- 

nAHA 

MDLTiri.E 

CllOWE 

1 BCOniMQ 

I’LATll 

MUriDER 

NUMDEUa 

NprJnftl 1 

Color Blind 

I 

6-12-7-0 

12 1 

12 

n 

3-6-'8-2 

8 

a 

III 

2-G-T-O 

6 ' 

5 

IV 


5 

2 

V 

21-6-74-42 

74 

21 

VI 

6^5-2-8 

2 

t 

vn 

2-8-6-0 

0 

t 

vin 

6 -8-20-2 

5 

t 

IX 

6-7-2-8 

7 

t 

X 

8-0-6-74 

* 

6 

XI 1 

0-74-8-3 

* 

2 

XII 

0-74-2(F2 

20 1 

Red blind 6 
Green blind 2 

XIII 

4-74^2-42 

42 ( 

Rod blind 2 
Green bliud 4 


* Majority onn hardly read it. 
t Can hardly read it. 


ability in illumination, it would mi- 
uiidoubtcdly have been preferable to 
give fill the tcatg under standard arti¬ 
ficial illumination, such as the Nek 
Daylight Screen. 

One other minor point in technique 
is tlmt of preaenting the cards rapidly 
enough to sustain the interest and 
attention of chiidren of this age level. 
Giving the whole teat takes from 
twelve to fifteen ininufceg, not a long 


time, but there is little variety and uofc 
much inherent interest in the material 
for the pre-school child. 

Mechanically the presentation ia 
facilitated by having the multiple 
choice cards in a box similar to a small 
file with identifying tabs on each card, 
so that the four for each series can be 
quickly selected. It ia also neceaaaiy 
to return each card to ita place in tUo 
file after each choice, as most of the 
cards are used several times. This ac- 
lection and return to the file becomes 
smoother and speedier with practice, 
so that the examiner can conyerao 
with the child between choices if ad¬ 
visable, and the child is less likely to 
be distracted by the mechamca of the 
process. These details of construc¬ 
tion of the test and of technique in 
presentation have been given in order 
to make possible more valid compari¬ 
sons in case anyone is in a position to 
try out the test further. 

The subjecta were nearly all from a 
nursery school and ranged from three 
years, one month to five years, five 
luoutlia of age. In addition, 8 children 
from a public school kindergarten were 
tested ranging four yetirs, four months 
to five years, eight months. It ia pos¬ 
sible tlmt the nursery school children, 
who had been frequently subjects for 
varioufl psychological teats, may have 
been trained thereby to take a better 
test attitude. It is also possible that 
they represent a slightly higher selec¬ 
tion as regards social status and intel¬ 
ligence than the kindergarten subjects. 
The 8 kindergarten LQ/a ranged from 
87 to 121 (median 110), while the nura- 
ory school group l.Q.^a ranged from 87 
to 158 (median 116). These LQ/e are 
all from Binet teats. I.Q.^a were avail- 
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able for 37 of the 39 aiibjects complet¬ 
ing the teat. 

When giving the teat, each reaponse 
wag acored aa right, wrong, or ‘'color 
blind,” the last being when the num¬ 
ber choaen was that which a color 
blind person would read according to 
the lahihara booklet of inatructioug. 
A rough scoring system wag adopted 
for the modified lahihara test aa 
follows: 

2 plus credifca for each corroefc choico 

1 plus credit for each miabako apo»- 
taneousl'y corrected at onco by the 
child 

3 credits deducted for eiich color-blind 

choice 

1 credit deducted for each wrong choice 

Adding these plus and minus credits 
gave a single number for each child, 
which was regarded as representing 
hia level of achievement in this color 
test. 

In scoring Plates X and XI where 
no choice could be considered correct 
since only a color-blind person is sup¬ 
posed to be able to see a number there, 
no plus credits could ever be given, 
bub in accordance with the scoring 
scheme, 2 credits were deducted when 
the child indicated the color blind 
choice. Naturally, as a result of the 
examiner’s attitude that a choice was 
to be made in matching Platea X and 
XI, practically every child indicated 
some card as a choice. However, 
their behavior while doing so was most 
interesting. Some said plainly at first 
that they could “see nothing there,” 
or that this one was "hard to see;” 
then as the examiner said nothing, 
they would make their choices, usually 
indicating number 74, which was the 
most intricate appearing of the num¬ 


bers in that wMica. Those who made 
the color-blind choice, however, (9 
cases for Plate X, and 14 cases for 
Plate XI) usually did so promptly 
and without expressing any doubt by 
word or look, or giving any indication 
that this number was any harder to sec 
than any of the others. There were 18 
children who made color-blind choices 
for Platea X and XL Five of these 
made color-blind choices for both 
plates; 13 for only one. Ilowovor, 
only 1 of the 18 oxpresaed doubt or 
said that the number in question 
(color-blind choice) was hard to ace; 
while 17 out of the rest of the group 
(which did not match the color-blind 
numeral with Plates X and XI) said 
definitely that this one was "liard to 
see” or that they "couldn't see it,” 
1 saying there was "no number there,” 
and 1 that "no one could ace it>” 

If the total acoro is considered as a 
rough index of each child’a level of 
achievement in thia color teat, It is in¬ 
teresting to sec what relation exists in 
thia group between total score and 
auch factors as sox, chronological age 
and mental age. 

There were 27 boys and 12 girlg in 
the entire group, which of course is too 
small a number from wlucli to draw 
conclusions as to sex diltoroncea. 
However, the range of scores was the 
same for both se.xeg, from minus 4 to 22 
(perfect score). The riiGdian score for 
the boys was 16 and the median score 
for the girls was 14, The group of 
girls avcYaged younger, na it included 
only 1 kindergargten child, while tlicre 
were 7 boys from the kindorgiirtoii. 
Tins fully accounts for the wSlightly 
lower median score of the girls; but 
there is certainly no indication that the 
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girls did better on the test than the 
boys. The tc&\iUs pomt to m box 
diiTcrcncG, 

Tlic relation between clironological 
ngc and score and that between mental 
age and Bcore is important, because if 
we find a closer relation between C.A. 
and color nehicA'ement than that be¬ 
tween M.iV. and color achievement, 
it may be interpreted aa pointing to 
2 things: (1) positively, that the in¬ 
creased e/Ticicncy in color vision ia 
more a function of C.A. than it ia de¬ 
pendent on M.A. and (2) negatively, 
that this particular color test ia not too 
(lop on dent on the child’s intellectual 
level, bvit is really a measure of anotlicr 
capacity, viz, color vision. Com¬ 
puting the correlation coefficients gave 
the iollowing result: 

r PEr 

Correlation C.A. with color 
..403 ,080 

Correlation M,A. with 
color flcore., .20 .090 

P = .13 indicating 77 chances 
in 100 that the triiQ difference ia 
greater than 0. The following graph 
of median scores for each level of M.A. 
and C.A. indicates that the color teat 
score ia more dependent upon C.A. 
than upon M.A. 

While on the aubject of age as 
alTccting achievement in thia color 
test, the ages of 4 children who could 
not da the test at all arc worth men¬ 
tioning. These children were all co¬ 
operative in the '^game,” but all failed 
in the prelimiuary test of matching 
black and white nuinbcrfl. Their age 
records are given in table 2. On the 
other hand, only one child under three 
years, seven montha C.A. could do 
Iho test. He was three years, oiio 


month with a M.A. of three years, 
eleven months, which ivlso happened to 
bo the lowest M.A. of any in the group 
who succecided. The 4 children I'o- 
ferred to above who could nob do the 
preliminaiy test may have had enough 
color ability to make a low a core on the 
test, but they appeared not to have 
th(3 ability to perform reliably in the 
multiple choice matching situation. 

It was possible to retest 6 of tlie 
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C.A. 1 

I.Q. 

M.A. 

1 

2-3 

121 

2-9 

2 

2-9 

? 

7 

3 

3-1 

120 

3-9 

4 

3-4 

100 

3-4 


TAULE a 



a 

g 

g 

§ 

1 

oa 

Pi 

& 

h 

u 

3 

o 

1 

Doy 1. 

20 

20 

0 

4r-2 

a-i 

Girl 1 . 

17 

18 

1 

4 1 

4-11 

Girl 2. 

IB ' 

22 

4 ' 

a-ii' 

4-10 

Boy 2. 

6 1 

20 

15 1 

3-7 , 

4r-0 

Girl 3. 

2 

la 

10 

3-7 

4^6 

Boy a..... 

9 1 

u 

5 1 

3-1 1 

4- 


nursery school children after an inter¬ 
val of about a year. There were 3 
girls and 3 boys among those retested. 
Table 3 gives the results. 

A glance down the column of points 
gained shows a negative coiTcIation 
between age and gain in points. The 
3 oldest had high scores on the original 
test and hence there was less room for 
improvement. Boy 3 was the young- 
cat child in the whole group. His gain 
of 5 points in the year brings him just 
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to the group median for his C.A. level 
at four years. So far aa it is possible 
to judge from this small number of 
reteats after a long interval, the 
amount of gain is less where the orignal 
performance was high, and the score 
obtained on the second text is about 
what would have been predicted (on 
the basis of the group median) for a 
child at that age level. 

One child was given the color test 3 
times within a month. He was four 
years, eleven months on the date of 
the first test and his I.Q, of 104 would 
have given him a M.A, of five years, 
two months. According bo the group 
medians he might have been expected 
to make a score of 17 or 18 points. 
However, on the first test he made 
only 2 correct choices, which, with 5 
wrong choices and 4 color-blind 
choices, would have given him the 
score of minus 9, There was some 
doubt that he had a fair chance, as 
the first test was given on a partly 
cloudy day. On a second test on a 
sunny day he did somewhat better, 
making 4 right choices, 5 wrong choicea 
and 2 color-blind choicea; which would 
net him a score of only minus 1. He 
seemed perfectly satisfied with every 
wrong choice, and used color names 
freely in talking about the cards, 
though the color names used were 
wrong more often than right. On a 
third test made about three weeks 
later, he showed some further im¬ 
provement, making 6 right, 3 wrong 
and 1 color-blind choices, or a total 
score of 7. It is interesting to note 
that the 4 errors on this third test 
were on cards on which he also made 
miatakea on the first and second tcata» 
In respect to these 4 mistalces, at least 


the test proved consistent witli repeti¬ 
tion, These cards, yh. Plates V, VI, 
VIII and XII, if the Ishihara interpre¬ 
tation is followed, do not give any 
clear picture of the type of color weak¬ 
ness which this subject might be sup¬ 
posed to have had. For instance, 
Plate V ia supposed to be rend as 21 
by the color blind, but only on the 
first test did this boy choose 21 j while 
on the other two testa he merely made 
wrong or irrelevant choices. Plate 
XII he matched once ns the “red- 
blind” are supposed to; and the other 
2 times as the “green-blind” are ex¬ 
pected to do. Piunlly, in the case of 
Plates X and XI, in which the normal 
sec nothing while the color blind are 
expected to discern a number, tliis boy 
did not make a single color-blind 
choice in any of the 3 tests. 

The discussion of this case raises 
the question whether there ia any re¬ 
liance at nil to be placed in the lain- 
hara test aa a means of getting at 
“types” of color weakness, at least 
with children. la it necessary to as¬ 
sume that the mistakes which children 
malce in color matching would neces¬ 
sarily duplicate or even resemble the 
mistakes which a color blind adult 
would make on the same test? It may 
be more reasonable to suppose that the 
errors made by children wlio will soon 
have full color discrimination \Yill be 
both different from and loss consistent 
than tlie errors made by a true color- 
defective. 

At any rate, it is a fact that as far 
as this group of children is concerned, 
there was not one wliosc errors gave a 
consistent picture of any type of color 
blindness iis cla3.sirie(l by Isliiharii. In 
other words, not one cliild made nil Llic 
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errors which would iimlcc it possible to 
cAiissify him na ‘hctl-blmtV' or "green- 
blind IJAirfchcnnore, no two children 
iniido the sainc comhination of wrong 
choices, if we exclude those maldng 
only one error on the whole test. Ap¬ 
parently children of incompletely de¬ 
veloped color senBG raakc mistakes 
which arc less scliDmatic and less easily 
divided into types than might be 
hoped by proponents of tbc viirioua 
schools of color theory. Hayea (1) 
may be cited /is ojio authority who 
beUevos it possible that all types of 
color defect may have to give way to 
color cliarts of every individuars 
ability: 

''The wield diversity of opipioii upon the 
questiou uf the clasBificatiou of color dcfcc- 
tivea may bo partly explainod on the basia 
of rival color theories; but a second factor 
of great nnportmicc ia the enormous individ¬ 
ual differences in the euVijccta atiuliodj mak¬ 
ing it ECem almost equally reasonable to 
olase Bomo aubjects in either of two groups 

.One wonders if wc aha,U presently 

have to gWo up all cUBsification by types, 
arrange color defectives in distribution 
tables and give a color graph or profile for 
each subject showing his efficiency or de¬ 
ficiency for each color in terms of a percent¬ 
age of the normal or average attaiment.'^ 

From another point of view, the 
number of errors inado by thcao chil¬ 
dren with each card of the Ishihara 
test sliow which cards were hardest 
and which easiest for thorn to match. 
The number of errors made with each 
Ishihara plate is as follows: 

Errors 


plate u. a 

PJalc III. 3 

Plate IV. 10 

Plate V. 17 

Plato VI. 10 

Plate VII. 0 


Errors 

Plate VI11. 10 

Plate IX.. 5 

PJateX. 9 

Plate XI.. 14 

Plate XI1. 9 

Plate Xn I. 7 


The largest mimbcra of crrorB occurred 
with Plates V, IV and XI respectively. The 
fewest errors occurred with Platea 11, III, 
and IX, 


I^inally, the fact that each response 
was timed by a stop-watch, both in the 
pi'cUmiiiary teat with all black luuu- 



Whore two medUna and median devia¬ 
tions MG given for one number, it indieates 
that that digit appeara twice on the Islii- 
hara plates^ 

bers and in the test proper with col¬ 
ored numbers, giyca us a measure of 
what effect the iutroduction of color 
had on the length of time the children 
required to match each number. It 
wi\a found thv\t thft central teudoucy 
was for the group to take nearly two 
or more times ns long to match a 
colored number as to match the same 
number when it waa black on a white 
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backfivound. The median timog in 
seconds for the iincolored and colored 
iiumbGra ai-c given in table 4. 

With all the digits the children tend 
to talce longer to match colored num' 
bers than black mimbcia. Furtlier- 
znoro, as the median deviations show, 
the variability in time was much 
greater in the case of the colored cards 
than with the black and whito cards* 

SUMMAIIY 

L An adaptation of the Ishiliara 
Teat for color blindness proved applit;- 
able to a group of children between 
the ages of three and onc-half and six 
years. 

2. The adaptation consisted of a 
matching test in multiple choice form, 
the child being required to pick from a 
series of 4 cards in cacli group, the 
numbers matching those on the Ishi- 
hara plates. A similar preliminary 
teat with black instead of colored mmi- 
bers was given to show tho child’s 
ability to deal with matching numbers 
in a multiple choice form of test, 

3. Tlio lesultg with tliia group of 
children showed 

n. No BOX difference in color dis- 
criiniimtion. 

b. A closer relation between C.A. 


and total Rcore on the color test, than 
that between M.A. and test score. 

c, Only one cliild u ruler three years, 
six inonlha C-A. and no child under 
three years, eleven months M.A. could 
do the test. 

d, A few rotesfcs after ono year g/ivo 
SC 01 C.S approximately ns high as would 
have been predicted for the age level 
of the child on the second teat. 

e, Throe retests of one child within 
a month showed a alight practice effect, 
but a strong tendency tu make the 
same errors in nil 3 tests, 

/. No child’H record correspoiidod 
to tho types of *V,olor blindness’^ as 
defined by Ishihara. 

ff. No two ol)ildron made the same 
combination of (jitoih, excluding bho.so 
who made only one wrong choice in tlio 
test. 

h. The largest number of errora oc¬ 
curred with lahihara Tlatca V, IV and 
XI respectively. 

z. The fewest nrror.s occurred witli 
Platon H, III and IX. 

j. The group look about twice as 
long to match each colored number as 
to match tlm mine niiinbor in black. 
The median deviations were about 
twice as great for matching the colored 
cards as for matching tho fdaclc ilikI 
white cai’d.s. 


RT5FERFNCTCS 
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A Comparative Study of Finger Tapping 
in Children and Adults' 

Miles A. Tinker and Florence L. Goodenougm 


N A previoua invcstigatioiij’' in 
iviiich the arms of the subjects 
wci'o uni'catraiiiecl, the authors dis¬ 
covered a marlcect tendency for inatu- 
riby of iicrformance in tapping to be 
jiositively rckted to the site of musclc- 
grou]) involved, When pencil, sty¬ 
lus, and three forms of finger tapping 
were coiiijiarcd an order of functional 
development from hirgo to small 
rnusclo-groups was clearly manifested. 
The purpose of the pr&scnt experiment 
is to discover whether these differences 
in functional development are more 
clearly discernible in finger tupping 
when the hand and arm movements 
are controlled, 

Tho method employed was finger 
tupping on tho Comptometer with the 
hand and wrist restrained- A hand- 
rest, about four inches wider than the 
key board of the Comptometer was 
constrncted. The rest was covered 
with blade velvet cloth and had two 
canvas straps for fastening the hand 
or hands to the re.st. Tho hands were 

^ From tho Psychological Laboratory and 
the laatitiitc of Child Welfaro, University 
of Minnesota. 

^ A report of a oomparalivc study of 
floveral me the (In of meiisiiririg speed of 
lappinR in clnlilTen and adults, by tho aiUh- 
ors ia to appear in tho Journnl of Genetic 
PflyGhology* 


secured, palm downward, with tho 
fiiigci '3 prajeotiug freely over the first 
row of tho Comp tome ter keyboard 
Adjuatmenta for height and nearricas 
to the keya were possible. Thia 
arrangement gave free play to fingov 
movements, restrained all hand inovc- 
menta and reduced arm movements to 
a minimum. This arrangement neces¬ 
sitated practically indopendonb finger 
movements when tapping with a single 
finger. 

The index, middle and little fingers 
of each hand were employed sepa¬ 
rately for uniiiianual tapping. For the 
bimanual tapping the same fingers 
wore used, like fingers of both hands 
operating simultaneously. Thirty 
kindergarten cluldron ranging in ago 
from four years, ten months to five 
years, eleven months, and 30 Univer¬ 
sity studenta served as subjects. The 
sexes were approximately equally 
divided in each group (10 inalca and 
14 females). 

The time limit for each trial was 10 
secoada in each kind of tapping and was 
tho game for both children and adults. 
For determining reliability, by the 
test-retest method, there was a second 
trial on a different day for each sub¬ 
ject. Usually tlic two trials occurred 
on successive days, and in no case was 
the interval between teats more than 
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seven days. One complete series for 
each subject wns completed at a single 
sitting. 

In testing both the kindergarten 
children and the adults the j)rocedurc 
was first demonstrated by the experi¬ 
menter, after which a brief i)reliminary 


liand and arm from moving, but that 
this restraint would not hamper move¬ 
ments of the fingers. The order of 
unimniuial beating was: index finger of 
right liand, index finger of left hand, 
middle right, middle left, little right, 
and little left. A brief rest period was 


TA11LE 1 

ReliabilUy cooJTicienU of finger tapping on the comptomolcr hy children and arfufij 


HIND OP TAPFIKQ 

iiiNai.E trial 

TWO TUIAfiS 
(S-11 mii(UliA) 

Cbildroii 

AdiiUa 

CKiUlcci) 

AdiilLa 

Unimanual tapping: 





Right index finger. 

H-,73 

+ .74 

+ .81 

■['.86 

Right middle finger.. 

d-.3l) 

+ .37 

+ .60 

+ .64 

Rifeht Utblo finger.. 

+ .78 

+ .42 

+ .88 

+ .50 

Loft index finger. 

-\-A2 

-I-.22 

+ .60 

+ .30 

Left middle finger. 

+ .44 

+. 61 

+ .01 

+ .03 

Left little finger. 

-I-.41 

+ .03 

+ .58 

+ .77 

Total right hand.. 

+ .03 

+ .01 

+ .77 

+ .70 

Total left hand. 

+ .50 

+ .54 

+ .07 

+ .70 

Total unimanual. 

+ .05 

+ .00 

+ .70 

+ .76 

Bimanvml tapping: 





Right index finger....... 

+ .55 

+ .78 

+ n 

+ .83 

Right middle finger. 

+ .37 

+ .00 

+ .64 

+ .80 

Right little finger. 

+ .40 

+ .50 

+ .57 

+ .07 

Loft index finger. 

+ .40 

+ .04 

+ .03 

+ .73 

Left middle finger. 

+ .40 

+ .60 

+ .67 

+ .74 

Loft little finger. 

+ .47 

+ .47 

+ ,04 

+ .04 

Total right hand. 

-I-.55 

-I-.71 

+ .71 

+ .83 

Total left hand. 

+ .74 

+ .63 

+ .85 

+ .00 

Total bimanual..... 

+ .00 

+ .04 

d-. 82 

H .78 

Grand total—both haiula. 

+ .70 

+ .70 

+ ,8C 

+ .80 


trial was given to familiarize tlie sub¬ 
jects with the task. Directions to the 
children were practically the same as 
cited in the writers' preceding p.'ipor 
on tapping with the exception that tlie 
subjects were inforiiied that their 
hands would be fastened to jirevent the 


allowed lie tween successive trials. 
When the unimanual testing was com¬ 
pleted the bimaiund scries wiis exe¬ 
cuted in tlie same order. 

Coeflicionts of reliid)ility for the 
fingtM' Lapping were cominiLed for the 
separate fingers in both uniiimnuid and 
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bimiunml tay^ping l)y con’dating teat 
with rdesti acoros, In addition, tlic 
reliability cocnicionts of the combiuccl 
acorea for eacli hand, for e.ach method, 
and for the grand total were naccr- 
tnined. As the intercorrelationa iu 
this investigation were computed by 
the use of combined scores for the 2 
trials, the Spearman-Brown formula 
wna used to obtain tlio reliability of 
scores on trial 1 jjliia scores on trial 2. 
All correlations were calculated by the 
Pearson product-moment method. 
Table 1 gives the reliability coeflicients. 
For a single trial, all but 4 coefR- 
ciciits of rclifibility arc higher tliaii 
d'.dO, the range being +.22 to +.78. 
For the 2 trinls Hummed the range is 
+ .30 to +.88, In general, the rclia- 
bilily of tupping tends to be slightly 
higher for children in unimanual 
tapping, and somewhat higher for 
adults in biinaniml tapping. The 
higher reliability of bimanual tapping 
with adult subjects can be explained 
in part by the fact that the children, 
in this kind of tapping, looked at and 
apparently devoted their attention 
to one hand almost entirely, or 
switched their fixation alternately from 
ono lumd to the other. The totals 
in iinimanual and in bimanual tapping 
have slightly higher reliabilities for 
cluldren, but the griuul total is ccjiuilly 
reliable for children and adults. (Sin¬ 
gle score +.7(1; summed scores +.8G). 
In tlio ease of adults, the index finger 
is most reliable in 3 of 4 dctermina¬ 
tions; with children there ia no con¬ 
sistent trend but the right index finger 
and right littlo finger in unimnnual 
tapping hiivo comparatively high 
rcliuliiliticg, 

111 table 2 are given the mcana and 


the atiiuilavd deviations of the sepa¬ 
rate trials for tapping rate of children 
and adults. The table also shows the 
ratio between the meana of the childron 
and of the adults, i,e., the proportion 
of the average speed of iidultg that has 
been attained by the children in each 
kind of tapping. 

Examination of the mean scores 
given ill the first four columns of 
figures reveals the following trends: 
(1) With childron there is a marked 
practice effect in lingor tapping, (2) 
Adult tapping scores show no practice 
elYccts. The second score is frequently 
smaller til an the first. (3) With both 
the child and the adult group the index 
and middle fingers yield tapping scores 
which are nearly equal to each other iu 
magnitude. In Bome eases the middle 
finger taps faster, in other cases the in¬ 
dex finger. (4) The tapping speed of 
the little finger ia much slower than that 
of the other fingors, particularly in the 
child group. (5) Biinamml tapping is 
slightly slower than uiiimanual tap¬ 
ping for both groups. (6) Speed of 
tapping with fingers of the left hand is 
slower than witli fingera of the right 
hand. 

The standard deviations given in tlio 
fifth to eighth rows of table 3 show 
that, in the unimaniial tapping of 
children, performance of the middle 
finger is least variable. Also the 
variabilities of tapping scores for the 
little finger are relatively very high, 
especially in the case of children. 

The last two columns of table 2 
reveal an interesting developmental 
trend in the comparative maturity 
of the various muscle groups involved 
in the tapping rnovementa. As soon 
iu the first row, in tapping Avith index 
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ringer, the chiltlven have attained 41 
per cent of- adult efRciency on the firat 
trial and 46 per cent on the second. 
These last two columna of tho table 


and muldlc fingcvs maintain about the 
same levels of ooinparativo efliciency 
throughout the aerieg. (3) There is a 
greater group difference in miitiirity 


TAT5LE 2 


Means anJ standard deviaiiona of number of taps inUn seconds hij chililvcn and adults for finger 

tapping on the complomcler 




MEAN BfJOIlK 


rNTANDAIlD l)EVIATKI-'I 

MEAN 

rcotib 

KIND Ofc' TAPPINO 

CliiUlrou 1 

Adults 

Clilldrcn 

All nil 9 

UlMvo; 
chilli to 
mill It 


1 

'3 

i 

ki; 

H 

1 

1 

ri 

? 

H 

1 

1 

E-^ 

1 

H 

H 

Uiumiuiual tapping i 

Right index fmgor. 

22.0 

24.0 

65.5 

54.3 

5.1 

5.5 

0.0 

O.f) 

.41 

.40 

Right middle finger. 

23.6 

25.1 

6-1.6 

52,0 

3,3 

' 3.8 

5.0 

3,7 

.43 

.47 

Right little linger. 

0.0 

12.2 

44.0 

42.3 

1 

6.5 

8.0 

0.5 

7.0i 

.22 

.20 

Left index finger.^ 

1 22.2 

23.5 

50.3 

40.0 

4.6 

3.0 

0,3 

3.7 

.41 

.47 

I^offc middle finger. 

22.0 

24.3 

49.3 

40.8 

3,7 

3.6 

4.5 

5.0 

.45 

.49 

Left little finger. 

7.8 

10.0 

40.8 

40.5 

5.8 

6.0 

5.4 

5.0 

.10 

.27 

Total right hand*. 

55.2 

61.3 

153,7 

149.6 

10.2 

12.B 

12.0 

11.5 

.30 

.41 

Total left hand. 

so.7 

67.0 

MO.O 

138.8 

0.8 

0.6 

13.7 

11.0 

.30 

.41 

Total both hands. 

105.5| 

117.8 

29H.3 

287.8 

18.4 

20.7 

23.1 

10.8 

.36 

.41 

Bimanual tapping; 











Right index finger,. 

22.0 

26.8 

52.5 

50.3 

5.8 

4.5 

0,7 

G.7 

.42 

.61 

Right middle finger. 

22.7 

23.0 

52.7 

49.6 

4.8 

4.0 

0.3 

7.8 

.43 

.48 

Right little finger. 

0.5 

9.6 

42,8 

30.1 

5.8 

5,0 

G.8 

7.0 

.15 

.24 

Loft index finger.. 

20.6 

23.0 

50,1 

40.3 

6,5 

4.6 

0.2 

n.7 

.41 

.48 

Loft middle finger. 

20. B 

22.B 

47.8 

40,3 

6.1 

4.0 

7.1 

7.0 

.42 

.49 

Left little finger. 

6.4 

S.l 

37.5 

30.0 

4.5 

5,5 

8.0 

0.0 

.14 

.22 

Total right hand. 

49.0 

67,G 

147.0 

137.1 

13.1 

10,7 

14,4 

10.0 

.34 

.42 

Total loft hand. 

4G,Q 

63.3 

131.5 

131.5 

13,8 

11.7 

15.0 

10.4 

.34 

.41 

Total both hands... 

DO. 4 

in.3 

281.1] 

26D,0 

I24.B 

21.3 

27.0 

30.7 

.34 

,41 

Grand total—both hands. 

201.3 

228,0 

577,0 

550.3 

37.4 

30.0 

141-4 

40 5 

.35 

.41 


• All avcragcfl and atandard dcviatioiia arc coinputed from original scorea. 


show the following trends: (1) In 
every instance but one the order of 
comparative maturity of performance 
is middle finger first, index finger next 
and little finger last. (2) The index 


of tapping in case of the little finger 
than with the other two fijigers. (4) 
On the second trial the children are 
always closer to the adult level than 
on the first. (5) Tho compiiraLive 
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iDfitnrity of perlonnanco for thu total 
oC viftht Uand, of left hand, ami of 
holh liands ifl the saino (36 per cent 
in nninnuuuil and 34 i)ev cent in bi- 
maima! tapinng. (6) Finger tupping 
of children ni^proaehcs nearest aduit 
proficiency when tlie iiiiddlc finger is 
used (49 per cent on the second trial). 

In our previous study of finger 
tapping with the arm unrestrained, 
the dcvolopinontal troncl in compara¬ 
tive funotional nniturity rovoiiled the 
cliildren to he nearest adult proficiency 
with blic index finger. The middle 
nnd little finger than followed in order. 
Doth tJie first study and the present 
investigation reveal about the same 
trends in scores for the different fin- 
gers, i.e., scores for index and middle 
lingers are about equal in each kind 
of tapping, but in only 5 of IG in¬ 
stances arc tlie scores for the index 
fiugoi’B higher than those for the 
middle fingers. The developmental 
tendency in comparative functional 
maturity rovoalod in the present ex¬ 
periment (middle finger nearest adult 
maturity, then index finger and then 
little fiiigov) is probably approximately 
correct since arm inovemcnt.s have 
been coutvolled iu this study. One 
should oinpha.size the fact, however, 
that the dirference in functional 
maturity between tlie middle finger 
and index finger is slight. 

Table 3 sliow.s the iiitercoiTolations 
of the scores in finger taping for each 
of the 2 groiip.s of subjects. In com¬ 
puting these correlations the sums of 
the .scores for the 2 trials were em¬ 
ployed. In the lust oohiinn of the 
table are given the eorrelaiions be¬ 
tween the correlation coefficients for 
the children and those for adults when 


each finger under a certain condition 
is correlated with every other finger 
under each of the various conditions. 
Thus when the series of coefficients 
for children in row one of the table arc 
correlated with the series for adults 
in row two, a correlation of +.82 is 
obtained. These cocfiicients in the 
last column reveal the extent to which 
ii constant tendency in the relation¬ 
ships between tlie tapping speeds of 
tho different fingers persists from child¬ 
hood to maturity. Tlie range of 
these cocfTicients is from +.17 to +.88 
with an average of +.61. In our 
previou.s tapping investigation the 
range of comparable coBfiTicicnta was 
+.22 to +.84 with tlic average at 
+ .61. In the present study ah but 
two coiTclationa are +.63 or above. 
This indicates that, although some 
fingers are more closely related to each 
other in speed of tappivrg than others 
(see rest of table), this relationship 
docs not change greatly with age. 

A survey of the first 12 column.s of 
table 3 reveals 11 negative coefTicicuts 
out of a total of 132. The range of 
corrclatiousis —.18 to +.84 Method 
of tapping (uiiiinanual or bimanual) 
secs to have little induenee on the in-, 
torcorrelations for either cliildren or 
adults since iniiny of the highest as 
well a.s many of the lowe.st coefficients 
are found both Avhen similar methods 
and when unlike methods nre involved. 
Analysis of the correhibioii coefficients 
of table 3 reveals tho following trend.s: 
(1) Any specific finger tends to yield 
performance which correlates well 
with performance by the aiuno linger 
of the other hand, and with perfor¬ 
in a ncc l)y the same finger in anotlicr 
method (Uniiiiaiuial or bitmimuil); (2) 
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Tapping scores of the index fingers our ))rcvioiia study tho relationship 
yield a fair corvelatiou with those of the between the more nearly adjacout fivr- 

TAHLE 3 


Inleycorrelatio7is beliveen scores on fijiger lapping for children and for adnlts 



es 

A 

'A 

P 

q 

A 

P 

H 

i 

cd 

H 

a 

2 

p 

6 

a 

D 

Q 

p 

tJ 

1 

yJl 

P 

s 

Q 

'A 

u 

,4 

Q 

Q 

u 

i 

A 

Ph 

M 

P 

'A 

A 

P 

cq 

A 

.J 

A 

n 

Ir, 

Sg 
^ i 

k 

U-R^ Indox: 














Chiklren. 


+ .50 

+ .26 

+ .71 

+. 44 

+ .45 

+ .73 

+ .f)4 

+ .33 

+ .47 

+ .48 

+ .25 

+ .82 

Adults. 


+ .40 

+ .07 

+ .62 

+ .32 

+ .05 

+ .57 

+ .31 

-.02 

+ .47 

+ .15 

-.00 


U-R Middle: 







1 







Children. 

+ ,50 


-.17 

+ .40 

+ .60 

-.00 

+ .28 

+ .48 

-.00 

+ .22 

+ .37 

-.00 

+ .86 

AduUs. 

+ .40 


+ .01 

-j-. 53 

+ .62 

+ .04 

i+.as 

+ .00 

+ . l7 

+ ,40 

+ .47 

-.07 


U-R Litllo; 


1 












GluUlrou 

+ ,26 

;-.i7 


+ .10 

+ .0.3 

+ .70 

+ .31 

+ .33 

+ .73 

+ .44 

+ .20 

+ .5S 

+ .02 

AduUs. 

+ .07 

l+.oi 


+.11 

+ .17 

+ .08 

+ .13 

+ .25 

+ .62 

+ .13 

-.07 

+ .17 


U-L Index: 














Chihlrou. 

+ .71 

+ .48 

+ .10 


I+.65 

I + .39 

I+.61 

I + .40 

+ .14 

+ .62 

I+.48 

+ .07 

+ .88 

Adults. 

+ ,02 

+ .63 

+.11 


+ .07 

+ .43 

+ .78 

+ .02 

+ .23 

+ .57 

+ .59 

+ .10 


D-L Middle: 














CJiildrcn. 

+ .44 

+ .09 

+ .03 

+ .65 


+ .12 

+ .19 

+ .52 

+ .01 

+ .28 

+ .05 

.00 

^+.83 

AduUs. 

+ .32i 

+ ^62j 

+ -I7 

+ .67 


+ .4S 

+ .47 

+ .42 

+ .28 

+ .5S 

+ .05 

+ .22 


XJ-L Little: 














Children. 

+ .45 

-.06 

+ .70 

+ .30 

+ .12 


+ .44 

+ .29 

+ .70 

+ .02 

+ .42 

+ .08 

+ .17 

Adults. 

+ ,05 

+ .04 

+ .08 

+ .43 

+ .48 


+ .31 

+ .23 

+ .40 

+ .48 

+ .45 

+ .06 


B-R Index: | 





+ . J 



+.sJ 



+ . J 



Children. 

+ .73 

+ .28 

+ .31 

+ .51 


+ .44 



+ .37 

+ .72 


+ .34 

+ .69 

Adults. 

+ .67 

+ .38 

+ .13 

+ .78 

+ .47 

+ .31 


+ .70 

+ .15 

+ .84 

+ .55 

-.02 


B-R Middle: 











1 

1 


Children.. -.. 

+ .54 

+ .48 

+ .33 

+ 40 

+ .52 

+ .29 

+ .54 


+ .37 

+ .53 

+ .72 

+ .2S 

+ .04 

AduUs. 

+ .31 

+ .59 

+ .25 

+ . 62 

+ .42 

+ .23 

+ .70 


+ .34 

+ .52 

+ .51 

-.04 


D-R Little: 














Children. 

+ .33 

-.09 

+ .73 

+ .14 

+ .01 

+ .70 

+ .37 

+ .37 


+ .34 

+ .39 

+ .08 

+ .00 

Adults. 

-.02 

+ .17 

+ .62 

+ .23 

+ .28 

+ .40 

+ .15 

+ .34 


+ .07 

+ .25 

+ .57 


D-L Index: 














Children. 

+ .47 

+ .22 

+ .44 

+ .52 

+ .28 

+ .02 

+ .72 

+.53 

+ .31 


-h.59 

+ .34 

+ ..'54 

Adults. 

+ .47 

+ .40 

+ .13 

+ .57 

+ .68 

+ .40 

+ .84 

+ .52 

+ .07 


+ .54 

-.18 


n-L Middler 














Children. 

+ .48 

+ .37 

+ .20 

+ .48 

+ .C5 

+ .42 

l + ,41 

+ .72 

+ .39 

+ .59 


+ ,36 

+ .04 

Adults. 

+ .15 

+ .47 

-.07 

+ .50 

+ .08 

+ .46 

. +, 55 

+ .51 

+ . 25 

+ .54 


+ .27 


B-L Littio: 














Children. 

+ .25 

-.06 

+ .56 

+ .07 

.00 

+ .63 

,+.31 

,+,2S 

I+.08 

1 + .31 

- +.3e 


+ .63 

Adults. 

- OG 

-.07 

+ .17 

+ .10 

+ .22 

+ .6(1 


! -M 

1 +.57 

-.n 

1 + .27 

f 



* XJ-imimaiuial; E== bimanual; E —L = lt‘ft. 


micicllefingers; (3)scores of theJittlefin- gers tended to he closer tiuiri that 
gers show little or no correspond once to between fingers more widely seymrated. 
scores of either of tlie other fingers. In Twenty-three of th(5 kiiulergarleii 
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children in this cxpcriiucnfc Imd [ilso 
served aa suhiccta on the earlier study 
in wluch the arms were unrestramed. 
An interval of three months elapsed 
betrveen experiments. Intercorrela- 
tiona bet'ween tapping scores made 
with finna restrained and with arma 
Liorcstrained arc given in table 4* 
The coelHcienta indicate that there ia 
only n ainal] amount of coricspond- 
ence present between performance 
under the 2 condiLions, The coofR- 
cients range from +,09 to +,75 with 

TABLE 4 

Comptometer lapping with arm unreatrained 
co??tjj^oate^er tapping tmlh ar?n 
reslrained (children only) 


FlHarai hand uaep 

UNIUANUAL 

TArriNQ 

UIMAMUAL 

TAmHQ 

Right iadex.......... 

+ .27 

+ .30 

llighb middlo. 

+ .31 

+ .47 

Right lib bio. 

+ .25 

+ .25 

Left index. 

+ .75 

+ .00 

Left middle..... 

+ .51 

+ .45 

Left little.. 

+ .24 

+ .30 

Total right hand... 

+ .15 

+.40 

Tofcnl left hand_ 

+ .07 

+ .30 

T'otal both hands.. 

+ .33 

+ .45 


Grand total—bitnannal plua unlmaniial, 
r = +.45 


a correlation of +,45 for the grand 
total. 

BUAIMAllY 

1. The rate of finger tapping waa 
measured for n group of 30 kinder¬ 
garten children and for 30 college 
sUidents. 

2. Ann inoveincnta were restrained 
by securing tlie haiidj palm down¬ 
ward^ oa a hand rest, in such a manner 
that the hand was iinmovabhi imd the 


wrist and arm inovementa were re¬ 
duced to a minimum. The fingera 
were entirely free from restraint. 

3. A Comptometer waa employed 
to measure the speed of tapping. The 
index, middle, and little fingera o[ 
each hand were tested independently 
(unimanual tapping) and siinultanc- 
oualy (bimanual tapping), 

4. Reliabilitioa were computed by 
correlating teat with re beat scores. 
For the single fingera there waa a 
tendency for the tapping scorea to be 
more reliable for children in unimanual 
and for adults in bimanual. The 
totals for both unimanual and bi¬ 
manual tapping are slightly more re¬ 
liable for children than adults, but the 
grand total ia equally reliable for both 
children and adults, (Single score, 
+,70; summed acorea +.80). 

5. In both the child and the adult 
group the index and middle fingers 
yield tapping scores approximately 
equal in magnitude. Tapping of the 
middle finger waa only a little faster 
than that of the index finger. The 
little finger baps at a much slower rate 
than the other fingera, Hight hand 
tapping ia slower than left, and bi¬ 
manual tapping ia slower than uni- 
maniial. 

0. When the children me compared 
with the adult gi'oup the order of 
comparative maturity of perfovruanco 
is middle finger nearest adult maturity, 
index finger next and little finger laat. 
The comparative maturity of per¬ 
formance for the total of right hand, 
total of left hand, and of both hands 
together ia the same (34 per cent). 

7. Although some fingers arc more 
closely related to each other in s])ccd 
of tai)ping than oLlier.s, thi.s relation- 
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ship does not change greatly with age, 
(Average correlation between coeffi' 
cicntB for children and adults is H-.6T)» 

8. Tapping by any finger tends to 
correlate well with tapping by the 
aamc finger of the other hand or tapping 
by the same finger in another method 
(uiiimanual and bimanual). 

9. Tapping scores of the index ^nd 


middle finger Lend to correlate more 
highly with each other than the scores 
of either of these fingers with the scores 
of the little linger. 

10. There is n small degree of cor¬ 
respondence between scores for finger 
tapping with nrin and hand rostreined 
and scores with arm and hand unre¬ 
strained ill the case of the children. 




Motor Suggestion in Children 

Roberta Stevens White 


T he term auggestion has been 
used to cover such a wide variety 
of phenomena that it ia neces- 
aary to define carefully the type under 
consideration and differentiate it from 
bho other uses of the term. A rough 
classification of the various definibiona 
may be made under bhe three headings 
of sensory, ideational, and motor sug¬ 
gestion. Sensory suggestion seems to 
mean merely illusions of sensation oc¬ 
curring under some special condition 
of expectancy, emotion, or the like. 
Ideational suggestion ia clearly stated 
in MacDougall'a (23) classic definition, 
^'Suggestion is a process of oommuuioa- 
tion resulting in the acoeptanco with 
conviction of the communicated propo¬ 
sition in the absence of logically ade¬ 
quate grounds for its acceptance/' 
Motor suggestion, the typo with 
which this study deals, is more difficult 
to define concisely. Baudoiiin (2) 
cluiracterizea it aa *'thG automatic 
activation of an idea/' Hilgcr (12) aa 
'^the dynamic nature of ideas,'^ Mor¬ 
gan (24) makes the statement that 
"every idea of an action will result in 
that action unless hindered by a com¬ 
peting idea or physical impediment.' 
Hartenburg (11) names this active sug¬ 
gestion or "the excessive impulsiveness 
of ideas/' 

Some writers, among them Mac- 
Dougall (23), do not call this .sugges¬ 
tion at all, but class it as simple 


ideo-motor activity, or unconacions 
imitation. Dunlap (8) objects to this 
terminology and substitutes the phrase 
"similitude reactions" which arc 
"sometimes anid to be unconscious imi¬ 
tations, but such is nob really the case. 
They arc not reflective it ia true; they 
arc unintentional; but there is percep¬ 
tual consciousness involved in each one 
of them/' Ladd and Woodworth (17) 
deal with tlie question of the uncoil- 
scioua nature of the phenomenon in a 
clear and objective way: "Certain 
ideas lead to certain definite move¬ 
ments with which they have become 
associated by past experience. They 
may do so cither with or without the 
full consent of the subject, When an 
idea leads to it.s appropriate movement 
with the full consent of the subject, we 
call it voluntary movement, but when 
the idea Icada to movement, aa it 
always bends to, while the Rulijcct's 
attention and intention arc elsewhore 
directed, the movement ia often named 
ideo-motor.'' There ia thus a gradu¬ 
ated flcalo from wholly conscious pur¬ 
posive imitation to, at the other ex¬ 
treme, the involuntary carrying out of 
a suggestion of which one is more or less 
unconscious, acting as an auto in a bom. 
This might equally as avcU l)e called 
involuntary imitation or any one of 
the other dozen names which liiwo 
l)ecn applied to it. 

The d(;fiiiition of Liuhl and Wood- 

101 
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ivoi'Lli (17) contfliiia an adequate ttico- 
rctical explanation. Iclco-inotor ac¬ 
tivity is a apccializccl type of habit 
formation in which the act ia more or 
Icfis involuntary and outside the focus 
of attention, Humuhvey (13) upholds 
the same view, though he interprets 
imitation in terms of the conditioned 
reflex, saying it ^^miiy be defined ns 
fiction involving a conditioned reflex 
the secondary fitiniuUia of whicli is 
similar to the reaction.'* He adds 
that these relatively elementary and 
unconscious units of imitation form a 
part of a larger and undoubtedly con- 
flcioua system. It is the isolation and 
mcnsurcincnb of such simple elements 
of action in the young child that this 
study aims to achieve. 

PREVIOUS EXPEUIMENTS WITH ADULTS 

Tile bulk of experimental work dciih 
'with tiviggcation has been eniYicd on 
with adult subjects, A large part of 
this treats only sensory rnirt ideational 
suggestion, which do not concern us 
here, Tlic first study of motor sug- 
goabioii was Jastrow's (14) experiment 
in 1802. He devised an aiitomato- 
graph to record the involuntary motion 
of the liand and head. Ilia rcsulta 
show movement toward the olijoct of 
attention and oscillation with tliebeat 
of the metronome or pendulum. 
Solomon and Stein (32) used a plaii- 
chette whose, action was aimilar to that 
of the automatograph. They found a 
general tcncleney to involuntary inovc- 
meut na soon ns the attention of the 
ce t w a s removed. They were aWc 
to develop a liigh degree of proficiency 
in automatic writing, which they 
explain as the uncoiisdoufl passage of 
Bensation into motor rcnctions. 


Pearce (27) investigated the motor 
response to dermal, auditory, and 
visual stimuli, asking the subject to 
localize a stimulus, at the same time 
giving a second one near the spot where 
the first had been. It was found that 
this flcconcl stimulus or suggestion 
caused an error in localization vary mg 
with its intensity and distance from 
the first. 

Brand (6) studied the effect of verbal 
suggestion upon the esbunation of 
linear magnitudes, concluding that 
purely formal and arbitrary suggestion 
produces a definite though slight olTecfc. 
Smith and Sowton (31) report the 
same results. Dell's (3) work was 
similar, showing the effect of sugges¬ 
tion on the reproduction of triangles 
and point distances. Doth auditory 
and viaua.1 suggestions were used. 
There were decided individual diffor- 
ttiveea in BWsceptibiUty to suggestion. 
Jones (16) found that suggestions of 
ability and inability also influenced 
reproduetion of dia tanccs. Varinbility 
and error were leas with aflirmatlve 
than with negative suggestion, but 
least of all with no suggestion. 

Strong's (34) work dealt with the 
effect of Buggestiou on muscular ac¬ 
tivity measured by the dynornometer. 
He found that suggestion as a whole 
heightena the maxima above ncutial, 
the negative more so with some sub¬ 
jects and the positive with others. In 
comparing his results with those of 
Jones, Strong points out that sugges¬ 
tion hinders when accurate work is to 
be done, but helps when mere nnioiinb 
of muscular effort is wanted. 

Starch (33) in his .study of uiicon- 
acioiis imitation of handwriting, 1011, 
WHS the first to use a large group of 
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subjects. One hundred and six stu¬ 
dents wrote words and sentencca from 
copies of different kinds if handwritten 
and typed material. Three of the 
subjects purposively imitated the copy. 
Their results were discarded. All of 
the remaining 103 subjects showed a 
change in size and slant of their writing 
in accordance with the type of material 
copied. The men showed a greater 
tendency towards imitation than the 
women. 

Langfcld (18) has studied the effect 
of positive and negative instructions on 
voluntary movement. The negative 
method ia supposed to be a suggestion 
towards poorer work. He used n 
tracing board with both types of in¬ 
structions. In general his results show 
that the best work is done with positive 
instructions, though great variability 
exists, 

PREVIOUS EXPERIMENTS WITH 
CHILDREN 

The experimental work dealing with 
child subjects falls naturally into two 
chronological divisions. Binet (5, 6) 
and the other workers at the beginning 
of the century were chiefly concerned 
with devising tests to measure the trait 
called suggestibility, and applying 
them to children in the hope of finding 
individual and age differences. Since 
1920, however, the trend has been 
away from individual measures 
towards the use of a battery of tests in 
attacking some specific pi'oblem, either 
theoretical or practical, in the field 
of Buggeation, 

Practically all of the earlier testa 
dealt with sensory and ideational sug¬ 
gestion. Otis (26) has summarized a 
number of these. Most of the rcaiilLs 


agree in indicating an inverse rohition- 
shijD between age and NUggestibility ns 
measured by thig type of teat. 

Very few teats of inotor aiiggostion 
have been applied to children. Jas- 
trow (14) in hia original work with the 
automatogmph used one child subject, 
a boy of eleven who allowed extensive 
and coarse movement. With the same 
apparatus Tucker (36) made a com¬ 
parison of the in voluntary movomculs 
of 18 adults and 25 children. Ho 
found no definite tendency to move 
toward a Been object if it wiig thought 
of as at rest. A moving stimulus |)ia- 
duced imitative movements in the 
direction of its motion. Children were 
subject to these laws to a leas degree 
than adults. No sex or age differences 
among them were disccrnablc. 

Billet (4) contributed several ingeni¬ 
ous teats of motor suggestion. Two lie 
classed as experimentg on subconscious 
movements. The child passively held 
one end of a balance which the ex¬ 
aminer moved in rhythm with the 
beats of a metronome. This move¬ 
ment was gradually discoutiiuicd and 
in many ca.sca the child would curry it 
on automatically. In a similar manner 
Binet attempted to produce automatic 
writing. Re remarks Unit the.se auLo- 
innbiams do not appear to coincide with 
autoinatising of judgment, Simon 
(30) repeated the tests on abnormal 
children using a pendulum. Giroud 
(10) used Binet'a luetliods but gives no 
results, A second type of motor sug¬ 
gestion is tested by Dinet as ''sLilirnis- 
flive imitation.’^ Tlie children are 
studied in groups to find tlic extent to 
which they will imitate the words and 
drawiiiga of others. Binet jlIso de- 
acribca several types of aiitoinatisnis 
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which he investigated but did not 
develop as tests because they revealed 
little in the way of individual differ¬ 
ences* One of these was similar to a 
method used with preschool children 
in this study* Subiecta were asked to 
make a circle exactly three centimeters 
away from one which was drawn on a 
sliceb of paper* The tendency to make 
the second equal in size to the first was 
almost universal. 

In more recent years tests of motor 
fluggeation have been developed by 
varLoua authors and used in batteries 
for the inveatigatiou of some specific 
problem. Sherman (29) reports 2 in 
her study of the relative suggestibility 
of noriHEil and mentally defective chil¬ 
dren. One showed the ciTeeb ot poiutr 
iug arrows in traoing a path, the other 
the effeeb of pointing hands upon 
choice. The results indicate that 
'"both normal and mentally defective 
children were sviggestiblo in nil ot tho 
teats used, and that in both groups of 
subjects suggestibility was related to 
their development." 

Aveling and Hargreaves (1) con¬ 
ducted a aeries of testa to study the 
effect of personal prestige on augges- 
tion. Five of the tests dealt with 
sensory and ideational suggestion and 
are described in Wliipple'a manual (38). 
In addition there wexo 2 tests of their 
own invention, Hand Iligidity and 
Hand Invitation. In these the experi¬ 
menter used verbal instructions to in¬ 
duce an affect of rigidity or of lightness 
in the hand of the subject, These last 
two tests, togctlier with the illusion of 
warmth test and line lengths by per¬ 
sonal influence, were sitiiations in 
which personal prestige was the most 
conspicuous cloinont. In the three 


other teats the personal factor was at a 
minimum and auggeation waa of tho 
*'non-prcatige type/^ It was found 
that tho frequency distributiona of 
acorca varied in accordance with the 
type of test. Those testa in which the 
prestige factor was low gave a normal 
distribution, showing that all subjecta 
were auggestible in varying degrees. 
Those in which the personal factor waa 
dominant presented a ''U'' type of 
curve, owing to the development of 
contra-suggestibility in a number of 
CLiaeB. 

Estabrooka (0) interpreted the re- 
aults of Aveling and Hargreaves (I) in 
terms of emotion. He bclievea that 
the “U" typo of curve in prestige teats 
Ib tho result of the "All or none" prin¬ 
ciple which reapon.sca tend to follow 
when accompanied by atrong feeling 
tone. If such be the case, suggesti¬ 
bility in this type of test shouhl corre¬ 
late closely with the pay oho-galvanic 
reflex. To demonstrate this proposi¬ 
tion ho conducted an investigation on 
boys whose mean age was 11.5 months. 
The psycho-gnlvaiiic reflex and three 
testa of Buggeatibiliby were used, illu¬ 
sion of an electric shock, mnteiml- 
weight illusion, and a "Dob Test.” 
Thia was a modified Chevreuba Pen¬ 
dulum. An iron bob on an 18-inch 
string, which the child held, waa hung 
in a glass tumbler. Suggestions aa to 
ita movement were given and the time 
recorded until it swung enough to touch 
the side of the glass. This Dob Test 
and the electricity teat were designed 
to include a strong factor of emotion. 
The diatribution curve of results is of 
the "U” type. In the material-weight 
illuaion personal influence was elimi¬ 
nated na much as possible. Heic a 
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typicftl curve of noriu/il distribution re- 
BuUftd. Gorvelation between the testa 
and with the psycho-galvanic reflex 
were negligible. Estabroolca concludea 
that "in testa for suggestibility we do 
tend to get the “All or nothing^ type of 
response when stTong emotion ia con¬ 
cerned, and that the reaultant U-curve 
tends to become normal as this emo¬ 
tional element recedes. This is espe¬ 
cially so if it is superceded by an cle¬ 
ment of in telle ctiial discrimination." 
He believes that this non-prestigo type 
of reiition should be called “illusi- 
bility" rather than suggestibility. 

This analysis of the experiments on 
motor suggestion with child subjects 
shows that practically no work goes 
below the level of six years. The only 
exception is Mossc'a (25) investigation 
of the therapeutic value of suggestion 
on 22 children from three to six years of 
age, He gave them a fake medicine 
^Yith the suggestion that it would pro¬ 
duce immediate urination. In all of 
the cases the suggestion was effective. 

To find material using subjects below 
school age it is necessary to look to 
studies of contrary suggestion or nega¬ 
tivism. According to MacDougnll 
(22) this converse of suggestibility 
results when unpleasantness haa been 
coiiiioctcd with the stimulus in the 
past. Bridges (7) says it is a defense 
reaction against hyper-suggestibility. 
If this be true, measures of resistance 
will be valuable as indications of 
suggestibility. 

Levy and Tulchin (19, 20, 21) made 
an extensive study of the resistance of 
infants and children during mental 
tests. Nine hundred and cighty-thrcc 
subjects were grouped according to the 
amount of resistance shown, the crite¬ 


rion being refusal to take the tost.?. 
The leaulta show a gradual rise from a 
low level of resistance at six months 
to a high point at thirty to thirty-six 
months, then a rapid fall to a low limit 
from forty-eight to fifty-four months. 
NolBon, in a report edited by Thomas 
(35), presents the results of another 
.study of rcsifltaiicc in the mental test 
situation. The Merrill-Palmer Per¬ 
formance and Kiililman-Binct tests 
were given to 28 children wliose chron¬ 
ological ages were from eighteen to 
forty-eight months and mental ages 
from thirty to seventy-two inontlia. 
Though the number of cases is small 
the results point to a definite decrease 
of negativism with increasing chrono¬ 
logical cige, mental age, and intelli¬ 
gence quotient, 

Heynold's (28) study of negativism 
bears this out. She used 229 children 
from twenty-one to sixteen months in 
age, placing them in 13 successive situ¬ 
ations where negativistio behavior 
might be manifested and giving a score 
of one for each in.stancc where it ap¬ 
peared. Her results show that nega¬ 
tivism wanes consistently with age. 

PUKUrMINAHY 13XIU011IMENTATIO 

The iiistorical summary makes it 
clear that very little work of tlic typo 
classed as motor suggestion has been 
done on children, especially those of 
preschool age. This made it necessary 
to devise tests which would measure 
this trait, the involuntary translation 
of a yierceptiou into bodily activity. 

There were certain conditions wliich 
such a tost had to rulfill. In I ho first 
place tlio reaction required of I he child 
had to be of .such a simple iinUire that 
it would be \y^\\ within Ibe power of a 
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tlircG ycEr oW child to perform, find 
prefern-bly within the ability of a two 
year old. If the testa were too diffi¬ 
cult, the variatioiiB in motor ability 
among the children would entirely 
obseuve the effects of siiggeation. lu 
the second place, the attention of the 
child had to be distracted as much aa 
possible from the suggestion so that 
purposeful imitation would be elimi¬ 
nated. Nor should submission to the 
pcraonfility ot the experimenter play 
an undue part. Finally the test must 
be one to hold the interest of the child. 

The 8 experiments which were de¬ 
vised mot these conditions more or less 
auGGCSsfuIly. Each was given to a 
small group of subjects to test its ap¬ 
plicability to the problem. All except 
the last two were found to be unsatis¬ 
factory ns measures of the trait under 
consideration and so were not corv- 
tlnued in the major study. A brief 
report of cacli ia given to show the evo¬ 
lution of the technique finally adopted. 

i. Tracing ])ath 

III her B budy of motor coordination 
AYcUman (37) makes the statement, 
bnfiod on Langfeld’a work, (18) that 
positive inatiuctiona will result in 
greater success than negative. Thia 
BGClued to be a clear-cut ease of the idea 
of an action producing that action 
whether Ihc subject wills it or no. To 
test thia assumption the tracing path 
test used by Wellman was given to 43 
children between the ages of 2:7 and 
6:3 years, under the two types of 
instructions, (Througliout this study 
age will be bo designated in years and 
months. Thus 2-7 means two years 
and seven months.) Eighteen of the 
chiidrnn took the tost 4 bimea, twice 


under the positive and twice un% 
negative instructions, T\Yciity-Bvc 
took it twice, once with each type q[ 
procedure. At least a week's time in- 
vened between eaeh test. The order 
of giving the 2 kinds of instructions waa 
varied wth the different subjects so as 
to minimize the effects of practice. The 
2 types of procedure were aa follows; 

Positive instructions. The child \m 
seated at a table of comfortable heighi:. 
Before him was placed a sheet of paper 
on which had been drawn two '^bracing 
paths’’ (37), These arc 2 atraighfclines 
25 cm. in length 5 cm. apart at one 
end and 1 cm, apart at the other. Tho 
sheet was tacked to a card board atw! 
so placed that the wider end of the 
path was at the child's left, making tha 
line to be drawn from left to right. 
The experimenter picked up a red 
pencil saying, '^Sce thia pencil? I 
want you to make a mark right down 
the path with the pencil. Keep right 
in the middle of the path all the time. 
Make it look just like thia, a nice 
straight line.” The child was then 
shown a sample perfectly dru\vn with 
a red line down the exact center ol 
the path. When he had completed 
the line the sheet of paper was turned 
around so the other path was next to 
him. Its larger end was at the chiUrs 
right so that the line had to be drawn 
from right to left. The instructions 
were repeated as before. 

Negative instructions. Thia proce¬ 
dure was similar to that above except 
that instead of showing the child 
a perfect sample the experimcntci 
showed one very poorly done, pointing 
out the errors with the words, ”Don'fc 
touch the sides like this or make a 
Wiggly line like thia.” 
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Two methods of scoring were tried. 
The first score was that part of the 
guide line, measured in centimeters^ 
wliere the line that the child had drawn 
was outside the path. The second 
method was to measure the total length 
of the child^s line with a map measurer, 
tlie score being the length in excess 
of 25 cm. Neither of these methoqls 
proved fine enough to discriminate the 
elTecb of suggestion if such existed. 
The difference between the kind of line 
drawn under positive and under nega¬ 
tive instructions was no greater than 
the difference between the 2 lines 
drawn with the same instructions. 

Co6vdination test 

As a check on the effect of positive 
and negative instructions, the Johnson 
form of the Johns Hopkins series of 
coordination testa (15) was used with 
the same procedure as tlie tracing path 
described above, to the same 43 chil¬ 
dren. The score consisted of the 
number of errors^ that ia, the niirnbor 
of times the childline touched the 
aide of the path. The results ’were the 
exact reverse of what was expected. 
The average number of errors jicr 
sheet waa G.3 under positive instruc¬ 
tions, and 3.4 under negative. 

3. Ladder experiment 

This experiment waa an attempt to 
measure the child's tendency towards 
involuntary imitation in drawing. 
Twenty children from 3! 6 to 5:4 years 
of age were tested in groups of five and 
six. Each child was seated at a 
separate table and given a sheet of 
drawing paper on which had been 
drawn with black crayon 2 parallel 
vertical lines 20 cm. long and 8 cm. 


apart. The experimenter had a .simi¬ 
lar sheet on an easel where it could be 
plainly .seen by the group. She called 
their attention to it by saying, *T>o you 
see these 2 lines on my paper just like 
the 2 lines on your paper? I'm going 
to make a ladder out of thc.se 2 lines 
by drawing lines straight across. 
Watch me (drawing). Now you 
make ladders with these crayons." 
The children were then given black 
crayons and tluj sample left in view 
while they were drawing. nu‘(te 
methods of drawing the sample were 
used, making the rungs of the ladder 
straight across, that is horix.ontal^ or 
making them slope to the right or to 
the left BO that one edge of eacli rung 
waa 2 cm, below the other. The Lest 
was repeated three times, a week apart, 
once with each type of Huggestion. 
The results were not significant. Only 
C out of the 20 cliildroji accepted the 
suggestion, that is, made the slope of 
their rungs inonouiiccd enough to 
show that it was not the result of 
chance error. 

4, Drawing pictures 

This test was similar to the j)reced¬ 
ing one, but the .suggcslioji was more 
obvious. The .same 20 cJiihlron wore 
tested in groups as before, hlach was 
given a .sheet of paper and 3 colored 
crayons of his own choice. The experi¬ 
menter then said, "When I say Miegiid 
we are all going to draw pictures. 
You can make an}'' kind of a picture 
you wa]it to." One of Ihioe variations 
in procedure followed. In one a pic¬ 
ture of a flower was shown with llic 
words, "You can make a (lower like 
this if you want to. Look at this 
flower, with iU yellow center and 
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colored loiivca (pointing nt the parts 
arid being sure all the children attend). 
Or you can make anything else you 
like/* In the second type of proce¬ 
dure no picture 'vvaa flliowii but the 
verbal suggestion wtia given, "You can 
make a tree if you want, a nice big 
trec/^ In the third no suggestion 
was giveu. 

The individual rcauUs were interest¬ 
ing, but quantitatively they have little 
value hcciiuse of the small luuuhcr of 
aubjccLs. Of the 20 children 5 ac¬ 
cepted the suggestion of drawing the 
treO| 5 of drawing the flower. This 
Lest was discarded bccaiiBc it gave only 
the nuinher oi times the suggestion 
was accepted and not the extent of the 
acceptance. . There ^Ycre also various 
sources of error which resulted from 
the group adminiatrabion of the test, 

5. Running lo get ball 

This experiment was designed to 
show the ciTect of suggestion on the 
gross bodily activity of tire child. The 
child waa placed behind a low gate at 
one end of an alley 12 feet long and 2 
feet wide. At the other end was a low 
table with a ball on it, well illumined 
by a drop light. Tliroo types of 
procedure were uacd. That with no 
suggoflUon was given first. The child 
waa told to go get the ball, the gate 
was opened, iind the Lime taken to 
reach the table was recorded. A week 
later the cxpcrLinenb was repeated with 
either fast or slow suggestion. The 
former consisted of the experimenter 
first demonstrating by running quickly 
down the alley to get the bnll. In 
giving the slow suggestion she walked 
very deliberately to the ball. These 
procedures were nUernated for foviv 


successive weeks. Finally on the sixth 
trial ns on the first no suggestion wna 
given. 

Twenty-nine children from 2:1 to 
4:9 years of age were given the test. 
In two or three individual cases the 
suggestion seemed to have an effect in 
slowing down or speeding up the run¬ 
ning. But the average time for the 
group showed no effect of suggestion. 
There were several sources of error 
whicA\ may account for these negative 
results. In the first place the sugges¬ 
tion given was not always attended 
to carefully. The children wero dis¬ 
tracted by various things, especially the 
hinge on the gate which they enjoyed 
maiupulafcing. The timing was not 
nccxirate enough for such a short run¬ 
ning path. If it had been several 
times longer the results might have 
been more satisfactory. 

6. Punchmg, Form A 

This experiment was also designed 
to test the effect of auggc.sbion on speed 
of movement. A very simple manual 
process was chosen, that of punching 
holes in paper. The child was seated 
at a table on which was placed a sheet 
of paper with IGhalf-incb circles printed 
on it arranged in the shape of a square. 
Under the paper was a pad to facilitate 
the piincliing of holes. Three tyi^es of 
procedure were used. In one no sug¬ 
gestion was given. The experimenter 
said, “Take this puncher and make one 
hole in each circle like this. Make 
just one hole in every single circle/' 
illustrating by punching 2 holes in a 
similar slioct with a sharp pointed 
stylus. The stylus was then handed 
to the child with the words, *“No\v you 
do it.“ Time wna recorded with a 



White; Motor Suggestion in Children 


169 


stop watch from the moment of making 
the first hole to that of making the 
last. The 2 other procedures were 
similar except that in one the experi¬ 
menter punched all the holes first at a 
rapid rate, taking about 8 soconds, and 
jn the other at a slow ratC; talcing about 
25 to 30 seconds. The experiment waa 
repeated three times each a week apart 
with a diffeienb type of procedure at 
each sitting. The order of giving the 
three methods was varied with the 
diffei'ent subjects so that the eflfcet 
of practice would be minimized. 
Twenty-four children ranging in age 
from 4:3 to 6: 3 took the test. 


time. Nor was there a record kept of 
which hand was employed in punching, 
Bometimes the right and sometimes the 
left being used. The fac t that in spite 
of these faults in procedure the results 
were positive, indicated that this test 
merited further application. 

7, Fmwhing^ Form B 

This modified form attempted to 
overcome several of the obvious difil- 
cultics of Form A. Insload of the 1C 
half-inch circles printed in the form of a 
square, 10 were used, pliic(5d iu a row -J 
inch apart on a sheet of paper 4J- by 
11 inches in size (fig. 1). The fact that 
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FlO. 1. PUNUJIIND SjJEBT 


The results shoived a significant dif¬ 
ference between the speed of reaction 
under the various types of suggestion, 
average time under slow being 25,3 
seconds, under fast 20.5 seconds, and 
under no suggestion, 24.0 seconds. Of 
the 24 subjects, 19 punched faster under 
the fast than undor the slow suggestion. 
These results appeared in spite of 
several sources of error. The arrange¬ 
ment of the circles in the shape of a 
square resulted in various orders of 
punching being used. Many of the 
younger children used no regular order, 
or varied their method from lime to 


tliey were in a straight line did away 
with the elomcnb of order of punching 
except with tlic very youngest subjects. 
The experimenter demonstrated begin¬ 
ning at the child's left and most of tlio 
cUildi’Gii imitated this method. An¬ 
other source of error was eliminated in 
having all the childreji use the riglit 
hand throughout so that there were no 
variations in this respect from one 
period to another. To introduce 
variety and to maintain the ehiUlreii's 
iiiLevcst 2 other types of puucluug 
sheet were dcsignetl. One-lialf incli 
squares and triangles were used in 
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iulclition to the cirdea. Fow of tlic 
chilclron ficuinod to \m uffocted by thia 
(lilTonjnco. Aside from tlioHC changes 
ilie procedure wria the aainc ns in 
Form A, 

Nineteen, children from 3:6 to 5:4 
ye lira of age completed this test. The 
rCHuUs show a dilTeronce of 5.6 seconds 
in the average time under slow and 
under fust aiiggesLion: fust, 13.0 
seconds; alow, 10,6 acconda; no suggos- 
tion, 10.3 Hecoiida. Of the 10 subjcctaj 
K) punclied faster under fast siiggcs- 
lion tIuLii under slow suggestion. 

S. Marking dog 

The final test devised was one in 
which the suggestion waa of a more 
obvious nature than in the preceding 
e^eperiments, and is more closely akin 
to imitation as ordinarily conceived. 
Here again 3 types of procedure were 
used. These were designated by the 
letters V, 8, and N to correspond with 
the Fast, Slow, and No auggeation of 
tlic punching teat. 

N j^roccdurc (no rSugf/pxStion). A 
sheet of paper 4^ b}^ 11 inches in size 
with an outline picture of a dog in the 
center ((ig. 2) wag placed in front of the 
child with the words, “Do you see this 
doggie? Make a mark on the paper 
at the side of the doggie." The experi¬ 
menter then placed a crayon in the 
cliikra right hand. When the mark 
had been made she said, “That’s good. 
Now make a mark on the other side of 
the doggie," A record ^va.s kept of the 
direction in which the line was drawn. 

F procedure (“/nr" niggestioii). Tlic 
picture of the dog was [daced in front 
of the child a.s before with the ^vorda, 
“Do yon see thia doggie? I'm going 
to make a mark on the paper at the 


side of tlic doggie." The experimenter 
(lien made ii vertical line iiboiib IJ 
centimeters long, 1 contiineter from the 
right hand iiuirgin of the sheet, and 
half way between the top and bottom 
margins. The sheet was then rc- 
iiiovod exposing a similar one beneath 
it. The experimenter directed, “Now 
you malce a mark on the paper at the 
side of that doggie," giving the child a 
crayon. When he had complied she 
placed the first sheet again before the 



Tijht 

child and repented, “Now I’m going to 
make a mark on the other side of the 
doggie," making a lino at the margin 
of the paper to the left of the dog. 
This sheet w’as again removed and the 
cliild told, “Now you rnako a mark on 
the other side of that doggie." 

N procedure {'\diorC* suggeslion). 
This was similar to the F procedure 
except that instead of making the mark 
at the margin of the i)aper the expori- 
incuUu* drew it one centimeter fra in 
tlic aide of the dog. 
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The distance of the child's marks 
from each side of the dog was measured 
in centimeter a and the two added. 
Twenty-nine children from 2:1 to 4:9 
years of age took the test. Several 
did not complete the scries, and 5 of 
tlic younger ones merely acribblccl, so 
that the data from only 18 are con- 
Bidered, The subjects were divided 
into 2 groups equated as nearly as poa- 
fiible on the basis of age and sex. Six 
test periods were used, at least six days 
apart, N procedure was used at the 
first and last of these periods for both 
groups. One group was tested by the 
F procedure at the second and fourth 
periods, and by the S procedure at the 
third and fifth periods* In the other 
group this order was reversed. 

The results show a marked differ¬ 
ence in the average distance of the 
mark made with the 2 types of ex¬ 
ample: F procedure, 9.4, centimeters, 
S procedure, 2.7 centimeters; N pro¬ 
cedure, 4.1 centimeters. Of the 18 
children, IG showed greater distance 
under F than under S suggestion. 
There were, however, striking indi¬ 
vidual differences between the reac¬ 
tions of the children. Some totally 
disregarded the suggestions, others fol¬ 
lowed them exactly. A third group 
were erratic in their acceptance or 
rejection. 

The sources of error in this test were 
the irregularity in outline of the dog, 
which made the measurement of dis¬ 
tance somewhat inaccurate, and the 
fact that it was not always in the exact 
center of the page. These two difli- 
cultics were eliminated in the final 
form of the test, used in the major 
study. 


iriXPEIlIMKNTAI^ MiyrilOD.S 
Subjects 

The subjects used were drawn from 
four different sources, 31 from the 
Child Institute of the Johns Hopkins 
Psychology Department, 83 from the 
kindergarten and first grade of two 
private schools, and 22 from the 
nursery school of a recreation center. 
All came from distinctly siipciior 
homes except the last group which were 
from a poor di.stricL 

In all 13G children took the teats. 
Tlio oldest was 7:5^ the youngest l: li 
years old. Age is reckoned to the 
nearest month on the day the first 
test was given. The subjects were 
divided into two experimental group.s, 
A and B, and a control group, C. 
Table 1 shows the age and sex dis¬ 
tribution of the subjects complctijig 
the two tests. 

Schedule of testing 

Each child was tested six times with 
approximately a week between each 
test. In a few cases this was shortened 
to six (lays bccauBO of a change in 
schedule. Absences of the children 
caused by illness, vacations, and quiir- 
antincs lengthened the period belween 
tests to more than a >veck in some 
cases. Table 2 shows the number of 
cases in which this occurred. All of 
the testing took place between the 
hours of 9 and 11 in the morning. 

The three types of procedure wxrc 
given in a different order to the chil¬ 
dren in the three groups. No sugges¬ 
tion was used for all of the children 
in the first and last lest periods. 
Group A was tested with fust or F 
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aiiggostioii lit the second and fourth 
teat periods, and by the slow or S at 
the third and fiCth. lu group B this 
order vvfis reversed. The control 


ing, Form B. The punching form 
with 10 circles printed in a row wiia 
ufecd (fig. 1) with the 3 types of ingtvuc- 
tioiis: fast, in which the cxpcrimLMihcr 


TADL13 I 

Age Ofid sex distrihUion of subjects com])hiinij tests 
The 3 ycAr age group incliidcti thone from 2:7 to 3:6 inclusive 
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Group A. 

1 

10 

0 

13 

7 

5 years 4 inoiilha 29 days 

19 

21 

40 

Group 11. 

2 

10 

12 

17 

0 

5 yearfl 3 moiitha 23 daya 

24 

17 

41 

Group G. 

1 

4 

12 

3 

0 

4 ycara 10 inontlia 24 day a 

1 13 

7 

20 
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4 

24 

32 

23 
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45 
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Marking Teat: 










Group A.. ...... 
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11 

13 
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fi voiirH 5 luniLbhH 13 days 

19 1 

20 

39 

Group B . 

3 

11 

IG 

11 

0 

5 yeara 2 nioiLbhB 9 days 

27 

19 

4G 

Group G..... 

2 

5 

12 

3 

0 

4 years 4 monbhfl 15 days 

14 

8 

22 

Total.. . 

7 

22 

38 

27 

13 
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43 
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Time 'intervening hciwecfi first mid last lest periods 
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40 
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20 

14 
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41 
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6 
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20 
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14 
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39 
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1 

22 

Total... 

43 

30 

18 

6 

1 

107 


group, C, received no suggestion 
throughout. 

Pu7iching Test 

Tile procedure in tliis test was identi¬ 
cal with Lliat of tlie proliininary inincli- 


demonalrated by punching the 10 
holes ill 5 seconds; slow, in wliich they 
were punched in 20 seconds; and no 
suggestion, where only two of the 
holes were pnnclicd. A sliglit varia¬ 
tion ill method was made for the C 
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group \vho ’were tested without auggea- 
lion throughout. After the first teat 
pciiod the experimenter did not punch 
any of the holea but merely gave the 
verbal inatruebiona. 

The children's behavior in the teat 
eituati on w aa in teveating. All of them 
Bcemed to enjoy this test. Several of 
those in the first grade remarked upon 
its being too easy and became rather 
bored by the sixth trial, but none 
refused to do what was desired. They 
were often impatient to starb and 
would say, know how/' trying to 
take tlie stylus before the experimenter 
Imd time to complete her demonstra¬ 
tion. Sometimes as they watched 
they would make rhythmic mobiona in 
time with her movements, nodding the 
head or swaying the whole body a little. 

There were several unavoidable 
sources of error in the procedure. One 
has been mentioned in the problem of 
the use of the right or left hand. In 
addition the method of holding the 
stylus and of punching varied greatly. 
Some children would punch lightly, 
making amall holes, others very deeply, 
pushing the stylus completely through 
the pad to the table top. Another 
difficulty met with especially in the 
younger children was irregular order 
of punching. Finally, several of the 
children had the tendency to stop and 
talk during the tesb. If any of these 
disturbing elements entered in too 
marked a degree, timing became inac¬ 
curate and the test is classed as not 
completed. Tl:\is took place in only 
5 subjecta above 3 years of age, but in 
pracbically nil below that age. 

Marhing Test 

The procedure used was identical 
with bhab in the preliminary marking 


teab except that a picture of a house 
(fig. 3) was substituted for that of the 
dog, and the word “hovme” used ui the 
inatruebiona in tlic place of "doggie.” 
On the whole this test did not intcreat 
the children as much ag the punching. 
Several asked for a more difficult task. 
There waa a compenaating advantage 
in the simpliciby of the reaction since 
younger children were able to do it 
successfully than could do the punch¬ 
ing. There was one factor introducing 
error. In several casca a child would 



3. MaIIKINO SURliT 

not wait for the second iiiatructioii 
before making hia second mark, tl^-us 
only one visutil suggestion wiia given 
instead of the usual two. The results 
show that this is nob ns siguificanb as 
first appears, since the right and left 
hand marUa were in general remarkably 
aymmcbricnl in their diistance from 
the house. 

tueatrient or data 
Oro^p remits. Punching Tesl 

The number of seconds taken Lo 
punch the bcii holes eonsLiUili^S (Mich 
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dn.y's scove ii’i Tabic 3 shows 

tlio mean scores for each group. De¬ 
tailed lal)lcs giving inchvidual icsuUa 
are in a (lissertation on file in the library 
of the Johns ITopldiis Univer.sit.y. The 
influence of suggestion is clearly per¬ 
ceptible in the group averngea. For 
example the sc ores of Group A fluctu¬ 
ate from 10 to 12 scconda in accordance 
with the type of siiggostioii. This dif- 
feronce is made cleiir by comparing the 
fiiiin of the two average scores under F 
BMggcstiou with the sum of the 2 under 
S suggestion, unci also with the scores 
when no auggoalion is given. The 


cnce ia 6 and 6.4 aecondxS respectively 
or 20 and 22 per cent of the N reaction. 

The factor of practice effect is one 
which needs to be considered. If it 
existed to any large extent it would 
increase the difference between the F 
and S reactions in the B Group where 
the slower suggestion comes Ihsti and 
dccrcaso this difference in tho A Group 
where the faster comes first. The 
average punching time in tho six con- 
sccutivc trials of the A and D Groii])s 
wiia aa follows; 16.2 secoiuls, 14.3 
seconds, 14,5 seconds, 13.7 secoiuls, 
13.3 seconds, 13.2 sccoiuIb, The effect 


I'Ainj'i a 
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112.3 

iPin 

12,8 

Ild.B 

13.0 

25.1 

131.1 

30,2 

0.0 

tiroiip lA.. 
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12,0 

14.6 

llL7 

12,5| 

24.3, 

30,7 

2B.4 

0.4 ±,84 

Group C. 

20 

10.0 


15,5 

14.3 

14.9 

15.1 


30. l' 

32.0 

.1 

Marking Tcab; 












Group A.— 

39 

3.2 

13.0 

2.7 

12.8 

4,1 

4.0 


mm 

8.1 


Orinip li. 

45 

2,2 

1.0 

11 1 

3.1 

11.B 

5,2 


4.9 

7.4 

17.7 ±1.37 

Group C. 

22 

18 

1.0 

1,8 

1.6 

1,4 

1.5 

|3.1 

3.2 

3.3 

.1 


last column of table 3 shows this dif- 
fejcace and its probable error. Aa a 
check the vcsulta from Group G, where 
no sugge.stion was given, arc treated 
us those in tho A Group; that is, tho 
iirst and sixth trials are chissed under 
N, tho second and fourth under F, and 
(ho third niul fifth under S. This 
deinonslrtiLe.s clearly that the type of 
BUggcfttion given hud n definite effect 
ui)on the children’.s reactions. In the 
O Group [he difTereiicc belween the F 
and S seoroH is only one-tenth of n 
Eocoiid, or .3 per cent of the N reaction, 
wliile in tlin A and B Groups the differ- 


of practice was small except in the first 
trial where tho task was new to the 
cluldrcu. ThiB demonstrates the 
wisdom of giving \i preliminary trial 
to nccufltom the children to tho test 
situation, oven though the le net ion 
required of them may be vciy simple. 

The mean timcj of six trials, taken 
by each child to punch the 10 holes 
varied from 8 to 25 seconds. Age 
seemed to have some influence on this 
general speed of reaction, though not as 
great difference was foural between 11 ic 
4 and 7 year old reactions as between 
the F and S. Table. 4 gives those 
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results. The smallness of the age 
groups permits only the generalization 
that there seems to be a tendency 
toward greater speed of reaction with 
incrGaaiiig age. 

Group remitsf Marking Test 

The children's reactions in the 
Marking Test were scored by measur¬ 
ing in centimeters the horizontal dis¬ 
tance from their mark to the side of 
the house. Variations in type of mark 
introduced some difficulties. These 
were eliminated by establishing the 
rule that the measurement should 
be made from the point where the child 


93 per cent of the cases in tlic A ainl 11 
Groups, and in 100 per cent in the 
C Group. 

The inlluencc of suggestion is even 
more marked than in the Punching 
Test. Table 3 shows the mean .scores 
of the three groups. It is po.ssible to 
pick out the trials where V suggestion 
was given by the large size of Llie score. 
The delayed influence of suggestion 
appears here quite clearly in the sixth 
score of the A and Jl Groups which is 
about twice as large as ll\e first score 
although both wore under no sugges¬ 
tion. Ill the C Group there was no 
possibility of delayed suggestion and 


TAIILE 4 

Age differences in iune scores of the punching test 
Means of individual scores given in ficcoiida 



AOEI 

a ycMfl 

4 yeivTft 1 

j 5 ycaiB 1 

0 yilivTfi 1 

7 

Group A. 


n 


12.1 

12.7 

Group B . 



13.4 

13.2 

12.2 

Group C.-. 


■m 

15.0 

13.4 



first touched the crayon to paper. In 
cases where this point was so near the 
top of the sheet that a horizontal line 
would strike the roof instead of the 
side of the house, measurement was 
made aa thought the side extended 
vertically to the top of the paper. 

Daily scores were obtained b}'' add¬ 
ing the distances of the right and left 
hand marks. This obscures the factor 
of symmetry between the distances at 
the right and left sides of the picture. 
On the whole the children were remark¬ 
ably consistent in the reactions on the 
two sides. There was less than 3 centi¬ 
meters difference between the two in 


the first and last scores arc praclically 
identical. The sum of the two I'\ S, 
and N reactions makes the effect of 
suggestion even clearer. Thi.H also 
appear.s in table 3. Iferc again the 
results from Group C arc Ircalcd us 
those in Group A. The dilferonce 
between the F and S scores in the C 
Group is 3 per cent of the N reaction, 
and in the A and II Groups 41 and 42 
per cent respectively. 

Suggcstihilil!/ scores 

From the four daily scores of eiicli 
child under tlic F and S suggeslion a 
suggc.sLibility score was coiiiputcd for 
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cficli tost. In the Marking Test this 
coiiBisled of tlio din'crcnce between the 
aiun of the two sGorca under F sugges¬ 
tion and the sum of the two under S. 
So if a child drew his innrlc close to the 
house when the suggestion was close, 
and far from it when the suggestion 
was far; his suggestibility score would 
he highj denoting positive suggestion. 
If he paid no attention to the sugges- 


fercnce between the scores under F and 
S suggestion was not an accurate 
measure of suggestibility because it did 
not take into account the factor of 
variations in the speed of punching 
from child to child. One who was alow 
in. all his reactions would have a pro¬ 
portionally larger difference between 
those under F and S, and his suggeati- 
bility score would be weighted to that 


TAHLE 6 

Diitrihtilioji of avygcstibilily scores iri the punching test 
Score .(iO includes yo-hiCB from .GO througU .GO 


HCOllE 



1 

.70 

1 

m 

UflD 

■ 


i.ao 

1,40 

1.50 



L.BO 

1 


MR 

HR 

2.30 

Choup A. 

1 

0 

2 

1 

IS 

6 

i 

4 

2 

4 

0 

% 

0 

1 

1 

0 

0 

1 

Group H. 

1 

0 

2 

3 

5 

7 

3 

1 

5 

2 

G 

2 

2 

1 

0 

1 

0 

' 0 

Group C. 

1 

n 

3 

2 

0 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

D 

Groups A niul U .... 

2 

0 

4 

4 

15 

12 

Q 

5 

7 

0 

0 

4 

2, 

2 

1 

1 

0 

1 


TATJLE 0 

Distribution of suygestibilily scores in the itiarking Usl 
Score 4 includes vftluca from 4 through 7.0 



lion but mai'ked in the same place 
throughout, the score would bo zero 
denoting no sviggcsUbiUty. And 
hnnlly if he marked nenr when the sug¬ 
gestion was far, and fur when it was 
netir, the score would he a negative 
quantity, denoting negative siig- 
gc.stibility. There were few of this 
hitter type. 

In the Punching Teat the ainiplc dif- 


degree. The average speed varied 
from 8 to 25 seconds so thi.s error would 
be quite liiTge. To overcome the 
diiricLilty a ratio was used, since it is 
relative difference in speed under the 
iwo types of suggestion that counts, 
not absolute dilTcrcnce. 

Thcrerorc the suggestibility score in 
pimcUiiig is the ratio between the sum 
of the two daily scores uiuler slow sug- 
















White : Motor Suggestion in Children 


177 


gestion and the sum of the two daily 
Bcorea under fast suggeation. A score 
above one means positive suggesti¬ 
bility, below one negative suggesti¬ 
bility, and unity means that suggestion 
has no effect. In comparing the sug¬ 
gestibility scores of the two tests a 
zero score in Marking is equivalent to 
a unity score in Punching. 

The average suggestibility scores of 
the 3 groups were as follows: Punching 
Test, Group A, 1.28 ±.04, Group D 
1.33 i.04, Group C 1.00; Marking 
Test, Group A 19.6 ±1.3f), Group B 
17.7 ±1.37, Group C 0,1. The differ¬ 
ence in score between the experimental 
and control groups is quite marked and 
several timea the size of the probable 
error. The distribution of suggesti¬ 
bility scores, shown in tables 5 and 6 
makes this difference even more clear. 
We see that a large majority of the 
scores fall above that point denoting 
no BUggeBtion. There are very few 
that show negative suggestibility. 
The distributions of the A and B 
Groups are quite similar throughout in 
contrast with the C Group where the 
scores are closely grouped around the 
point of no suggestion. 

Combining the distributions of the 
A and B Groups gives an interesting 
contrast between the two tests (fig. 4). 
Both have a mode corresponding to 
the score denoting lack of either posi¬ 
tive or negative suggestion. The 
Punching Test gives a skewed uni- 
modal distribution, with more cases 
showing positive than negative sugges¬ 
tion. The Marking Test has a bi- 
mod al curve, one mode appearing at 
the point of no suggestibility and a 
ECGond smaller one at high suggesti¬ 
bility. These two types of curve are 


similar to those which Estnbrooka (D) 
attributed to emotional and non-cino- 
tional situations, and identified with 
Aveling and Hargreaves’ (1) "Prestige 
and Non-prestige" tests. The U-type 
of curve supposedly appears when 
prestige or emotion are present. The 
factor of prestige certainly entered 
equally into both Punching and Mark- 




Tia. 4. DiBTiiinuTioi'r op SuuGKH'riiuuTY 
Scores 

a, Punching Test; fe, Marking Teat 


ing, for the same experimenter demon¬ 
strated in both. Nor does emotion 
appear to be significant. If anything, 
greater emotion would appear in the 
Punching Test, which was a more novel 
situation and a more difTiculb ta.sk, 
than in the Marking Test, yet the 
latter has tlie supposedly eiiiotioiml 
type of curve. 
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Two possible explaniitions of this 
in the diatribution of scoLOa 
are tlic relative obviouanesfl of the sug¬ 
gestions ill the two tests, aud the reln^ 
live ease of following them. Percep¬ 
tion of diatiincc is probably a more 
simple reaction than perception of 
speed, making the Punching Teat sug¬ 
gestion more difficult to follow. In 
addition the aiiggcstion in the Marking 
Test was more obvious because it was 
before the child while he was reacting, 
while in the Punching Test it was 
already merely a memory. The second 
faclor accounting for higher suggesti¬ 
bility in the Mnrking Testis the case 
of following the suggestion. Any child 
could make lus mark near or far from 
the house, but not any child could fol- 6 
low the fast speed of punching. Espe¬ 
cially wore the younger ones thus 
himdicappcd. 

Individual 7'e(iclion curves 

An iinalyaia of the curves represent¬ 
ing the six consecutive daily reactione ^ 
of each child reveals many in teres Ling ^ 
variation a. Figures 5 and 6 ahow 
typical curves in relation bo the sug- 
gcationa wliich were given. Since the 
type of measurement in the two testa 
wftfl different, tlic curves resulting can¬ 
not be compared directly, and a aepa- 
rnbe analysis of each is necessary. 

Fitnching Test. It waa diflicult to 
classify the individual reaction curves 
of the Pvinching Teat into types owing 
to the large number of variations pres¬ 
ent. In some cases the child's reac- 
tioiLS followed those of the experi¬ 
menter fairly closely, for example figure 
5 (J})i representing the relictions of a 
child ill Group A, is of the siune form 
as figure 5 (a), repioscnling llio experi¬ 


menter's reactions in giving tlie sug¬ 
gestions to that group. Dotted Unc^i 
connect those points representing rojic- 
tioiia where no suggestion was given. 
Figures 5 (c) and (d) illustrate the 
experimenter'a and a child’s reactions 
in Group D. Both of these children 
were highly susceptible to suggestion 



Fio. C. Individdal Hkaction Cunvua, 
Punch iNQ Tkst 

a, fluggoBtiona given to Group A; b, fluctu¬ 
ating curve of Group A;c, 6 uggeation 9 given 
to Group U; rf, (Uictuatiiig curve of Group B; 
e, level curve;/, practice curve 

and received a high suggestibility 
score. There are cases, however, of 
children receiving a high score wliosc 
curve was nob ns typical as these. 

In contrast to those curves which 
demonstvato the effect of suggestion 
we find somo which nrc fairly level, 
ngure 5 (c), and otiiors wliich are in the 
form of a typical pniclico curve, figure 
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5 (/). These two types represent low 
suggestibility. Each type is not dis¬ 
tinct from the others but grades into 
them by imperceptible degrees. It ia 
necessary to make some arbitrary defi¬ 
nition of the limits of each, as follows: 

1. Fluctuating Type, more than six 

Heconda dilTerence between the high- 
eat and lowest records (fig. 6(5) and 

6(d)). 

2. Level Type, not more than six seconds 

difference between the highest and 
lowcbV recDTclB (hg. 5 ^e)). 

3. Practice Type, more than six seconds 

drop from the first to the \nat record, 
and not more than a two second rise 
at any one point (fig. 6 (/))- 


Group B ia nnsily explicable, since the 
order of giving the augges lions, slow 
then fast, would facilitate the practice 
effect more than the fast-slow order 
given to the A Group. 

Marking Test. It ia possible to dis- 
bingiiiah types much inoi e definitely in 
the Marking Test than in Punching. 
The following are rather sharply dif¬ 
ferentiated from each other: 

1, Type, in which the reaclIouB fol¬ 
low the Biiggeslions almant exactly, 
forming an M-slmpcd curve. Figure 
6 (5) rcpreaenla this type ol roue Lion 
in the A Group following the siig- 
gcated reactions shown in figure 0 (a). 


TABLE 7 

Distribution of curve types in the punching test 



□nOUF A 

unouF u 

□ nouF 0 

Fluctuating Type: 




Sooro above 1.50... 

9 

11 

0 

Score 1.20 to 1.60. 

10 

8 

1 

Score below L20. 

7 

0 

0 

Total. 

26 

25 

10 

Level Type..,.. 

12 

11 

7 

Practice Type.-. - . 

2 

5 

3 


The frequency of these types is given 
in table 7. The distribution in the A 
and 13 groups is similar. About two- 
thirds of the curves are of the fluctuat¬ 
ing type. The rest are fairly level. 
In the C group where no suggestion 
was given the proportion of irregular 
curves is lower, being exactly one-half. 
But even here there were individuals 
who were as variable in their reactioiiB 
as some who were given suggestions. 
In all three groups the number of prac¬ 
tice curves is small, showing that the 
reaction was one so simple that not 
much improvement occurred. The 
larger number of curves of this type in 


Figures 0 (c) and 0 (d) rcprceeiib the 
same for Group 13. 

2. “V'* Type, in whicli the F Buggeation in 

followed only once, forming n level 
line with only one pronounced peak, 
like nil inverted V. Figure 6 (c) is 
an example of thia type of curve in 
the B Group. Similar curves oc¬ 
curred in the A Group, with the peak 
at other points. 

3. Delayed Type, in which the F auggea- 

tioji ia clTcctivG on Irials where il ia 
not given. An example of this curve 
in the D Group ia given in figure 0 (p). 
It occurred also in the A Group. 

4. Level Type, where there iw no evideiioe 

of the cITect of auggeBlion. This is 
in sharp contras L to all of the other 
types. Figure 6 (/) is an exainph\ 
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It occurred in [ill three groups nnd is 
the only type nppciiring in Group C 
where no suggcBtiona were given. 

6. Irregular, lluctuatiiig and unclnaai- 
fmblo. Ouly 2 children exhibited 
this type. 



Fia, 0. Individual Bbaction Cuiivbh, 
Mahkino Test 

a, euggeationfl given to Group A; bj M 
Typo curve of Group A; c, suggestions 
given to Group 13; rf, M Typo curve of 
Group B; e, V Type curve; /, level curve; 
ffi delayed cmvB. Unbroken lino denotes 
riglit aide reaction, broken line, left side 
reactions, 

Tlic cliatribution of each type iu 
the three groups ia shown in table 8. 
Right and left side renctiona arc both 
conaidered and bheirsum given. Here 
the contrast of the G Group with the 
A and B ia even more marked than in 
Punching, Over a third of the chih 
(Iren in the first two groups followed 
the suggestions very closely, and about 
three-fourths were influenced by them 


to some extent. The fact, however, 
that several curves of the level typo 
were found in both the A and B groups 
indicates that there were some children 
on whom the suggestion seemed to 
have absolutely no effect. 

The factor of symmetiy ia illustrated 
clearly by figure 6. A majority of the 
individual curves were as those in 
figure 6 (6), (d), (/), and (p), where the 
right and left side reactions were placed 
at symmetrical distances from tho pic¬ 
ture of the house, and are plotted as 
practically identical curves. There 
were some cases, however, where the 
mark on one side was placed near, the 
other far. Figure 6 (e) illustrates one 
of this type. 

The lelation which the suggested ic- 
actionabear to the children's initial re¬ 
actions forms an interesting contrast in 
the 2 tests. In Punching the S sugges¬ 
tion waa sometimes faster and aome- 
times slower than the child's own reac¬ 
tion when no auggeation was given. If 
it were slower it often produced an 
inhibitory effect, slowing down the 
child's speed, ns in figure G (/j). If it 
were faster it would speed up the reac¬ 
tion, ns occurred to a alight extent in 
figure 5 (d). The F suggestion was in 
nil cnaca faster than the child's Initial 
reaction and so produced speeding up 
when it was effective. 

In the Marking Test on the other 
hand, the F suggestion was the only 
one which had any effect in cliaiiging 
the children.'a reaction. In prac tic ally 
all cnsc.s the S suggestion coincided 
very closely with the child's own reac¬ 
tion when no suggestion was given. 
Figure 6 illiistratea this clearly. All of 
the initial renctiona in the children's 
curves arc near the S distance. Idiia 
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fact seems to be responsible for the 
larger number of cases of level curves in 
the B than in the A Group. In the 
former the S suggestion was given first. 
Being similar to the child’s own reac^ 
tion, this suggestion reinforced it and 
made him impervious to the later F 
suggestions. In the A Group the F 
came first and not having so much 
resistance to overcome was more suc¬ 
cessful in producing acceptance, so the 
number of M type curves is larger than 
in Group B. 

The difference between the F and S 
suggestions was more definite in Mark¬ 
ing than in Punching. This may ac¬ 
count for tliG higher suggestibility in 


measuring reliability. The tests wore 
divided in two parts and the halves 
correlated. In Marking this was done 
by finding the difference between the 
daily score under F and S suggestion in 
the second and third daily periods^ and 
the difference in the fourth and fifth. 
These two scores were then correlated. 
The coefficients obtained were not high 
but of some significance, indicating 
that a child who followed the sugges¬ 
tions in the first part of the experiment 
was likely to do so in the latter half. 
They were for the A group .40 ±.08,* 
and for the B group .C5 ±,07, 
Fourteen of the children had been 
given the Marking Test before in prac- 


TABLE B 

DislTihution of cuTUe tyjies in the mar king ie&t 



onour A 

anonp d 

M Typn... 

35 

28 

V Tvdq.-. 

17 

16 

T)pln,vf>d Tvnn . 

10 

17 

30 

Level Type.. 

14 

Irrogular Type. 

2 

2 





Marking and for the fact that the curve 
types are more distinct here. 

Consistency 

The problem of an individuars con¬ 
sistency in his acceptance of suggestion 
ifl one which has received much con¬ 
sideration, In general the results of 
previous experimentation indicate that 
suggestibility is not a persistent trait 
of personality, but is related to the 
specific situation. The findings of this 
study uphold these conclusions. 

There were several methods of 
studying how consistent the children 
were in their suggestibility. One 
metliod was that ordinarily used in 


tically identical form, Marking Dog, 
They formed a group whoso con¬ 
sistency could be measured in another 
way. This was done by corrolating 
the suggestibility scores on the two 
tests. The coefficient here was again 
positive, .35, ±,16, bub the smallness 
of the group made the probable error 
so large that it cannot be considored 
significant. 

Consistency of reaction on the 
Punching Test was studied in the same 
way as Marking. A ratio between the 
first two F and S reactions was com- 

* All corrclationfl were compntud Ijy the 
rank orclor method iiaing Pcaraons "llho" 
Formulrt. 
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puLocl, similar to the suggeatibiliby 
ficoj c for the whole tcafc, and this was 
oorrolatod with a ratio obtained from 
the last two and S scores. Here the 
coenicienta obtainedj though positive, 
were very low and cannot be conaidei-ed 
significant. Tlvcy w ere in the A Group 
.10 ±.29 in the B Group .30 ±.17, 
From thia we infer that the children 
more auggeatible in one part of the 
Punching Test are not especially likely 
to be ao in the other. 

A fiiinl method of measuring con- 
fiiatency of rcaponao to aiiggcabivc 


punching there is a positive correla¬ 
tion represented by the coefficient 
,47 ±.09. Th's relationship is shown 
in table 9 which gives the average score 
for the various age groups. The C 
group indicates that where no sugges¬ 
tion is present the score does not vary 
with age. We may therefore conclude 
that in this test the older children are 
more suggestible. This ia not true in 
the Marking Test. The coefficient 
of correlation between age and sug¬ 
gestibility score is not significant, being 
.25 ±.10. The average scores for the 


TABLE 0 

Age diScrence^ in 7)iefin auggesiibility scores 





AGC 




3 yciira 

4 years 

6 years 

0 years 

7 years 

Punching Test: 

Group A. 

1.Q2 

1.24 

1.22 

1.33 

1.30 

Group D. 

1.10 

1.06 

1.30 

1.63 

1.59 

Group 0... 

.01 

1.03 

1.01 

.07 


Marking Tcati 






Group A. 

12.0 

17.6 1 

14.1 

22. B 

26.4 

Group li. 

0.4 

17.9 1 

17.2 

20.2 

17.0 

Group C. 

-3.1 

.4 

,2 

-.3 



stimuli consisted in correlating the 
scores of the two tests, Punching and 
Marking. Here again the cocflicienfc 
was low with a large probable error, 
.12 ±.U. Wc must therefore con¬ 
clude that suggestibility as here meas¬ 
ured Lb not a persistent trait but one 
which varies greatly from situation to 
situation and from time to time in the 
same situation. 

Age and sex diSferences 

The inniience of age on suggestibility 
score is dilTorent in the two teats. In 


different ages, shown in table 9, indi¬ 
cates this alight tendency towards 
decreasing score with decreasing age. 

The factor of relative difliculty of 
the two testa may again be used in 
explanation of this difference between 
them. The Marking Teat would indi¬ 
cate that four year old children are 
as aiiaceptible to suggestion ns those of 
six and seven, when they can compre¬ 
hend it and are able to carry i b out. In 
the Punching Test tlieir lack of manual 
dexterity and perhaps the fact tliat 
they do not easily perceive the .siiggcs- 
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tion, apGod of movement, makes them 
less sLiggestiblo than those somewhat 
older- 

No significant sex differences were 
found. In the Punching Test the dif¬ 
ference in score between the boys and 
girls was in Group A .13 ±.07, in 
Group B ,08 ±.07, the girls being 
slightly more svigges tible. In the Mark¬ 
ing Test the boys were more sug- 
gcatiblo in Group A by a difference of 
.9 and the girls in Group B by a differ- 
eiiGG of 3,4. 

Varying types of experimental situa¬ 
tions were used in an endeavor to select 
some which would give a measure of a 
child's response to suggestive stimuli. 
Two coordination testa given with posi¬ 
tive and negative instructions gave 
indications that the negative instruc¬ 
tions produced no perceptible effect. 
Two teats involving drawing were not 
continued because they measured only 
acceptance or non-acceptance of sug¬ 
gestion and not the extent of each. A 
teat in which gross bodily movements 
were involved proved unsatisfactory 
because of the length of time required 
for response and the possibility of dis¬ 
traction of the child's attention by 
other factors, 

Two tests were finally adopted for a 
more extensive study in which visual 
stimuli acted ns suggestions influencing 
simple hand movements. Measure¬ 
ments of the reactions of 101 children 
from 3 to 7 years of age under two 


opposing types of BUggestioii ahowed a 
definite effect which a control group of 
35 children, who were given no sugges¬ 
tions, did not exhibit. 

Several conclusions regarding sug¬ 
gestibility may be drawn from the 
results of this study. 

1. Most children are suggesLiblc to a 
certain degree in one situation or an¬ 
other, although a few appear to be 
uninfluenced by visual suggestion of 
the typo used. In some suggcHtioii 
has a delayed effect. Negative sug¬ 
gestibility ia rare. 

2. Suggestions of two opposing types 
are accepted siiccesaively when a time 
interval occurs between their presenta¬ 
tion. Suggestions which are similar 
to a child's own method of reaction 
reinforce his tendency and make oppos¬ 
ing suggestions less effective. 

3. The extent to which suggestion ia 
followed depends on the obviousness of 
the suggestion and the ease of per¬ 
forming the movements which it 
involves. 

4. Children arc not consistent in 
their acceptance or rejection of BUgges- 
tion. In repetition of idciilicnl situa¬ 
tions there is some probalfllity that 
they will react in the same way, but 
this is not true if a time interval of 
more than a few weeks iiitervenea. 
Individual suggestibility in one type 
of situation seems to bear no relation 
to that in another, 

5. Suggestibility increases slightly 
with age in the ago range here con¬ 
sidered. No sex differences are 
apparent. 
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The Anatomical Features of Epiphysial 

Union' 

T. Wingate Todd 


MODERN INVESTIGATION OF BriPllYSIAL 
UNION 

15VEN yearn ago when wo first 
bcgaii to have doubts concern¬ 
ing the reliability of the time 
tables of epiphysial union contained in 
anatomical texts, I requested Steven¬ 
son to inako a careful study of the 
varioiLs standard dcacriptions with a 
vic^v to tracing tlieir origin. A bare 
BuimniiTy of his rc&ullB is given in a 
paper publislied by him at that time. 
Internal evidence points to all modern 
textbook accounts having been derived 
directly or indirectly from the account 
by Henle in the middle of last eontviry 
(6). Appavontly Henle had some 
acloloseent skeletons upon which to 
base his description. Since thou minor 
changes have been introduced into 
Honlc’a account though most of the 
modificationH have been made upon 
whfit, in the light of our evidence, is 
clearly uiitrustwoiThy otiscrviition. 
Dwight alone liad material which per- 
nhtlcd him to feel at liberty to make 
qiiiLc l^old and definitG alterations in 
I Ionic's Bchcdulc. This induced me 
to attempt n survey of all slceletona of 

^ Tliirt is the of a flcrios of (jUkHcs 
oil Cornixiifilivc Youth from Lho Ilamanii 
Miisourn, Lnlioriitnry of ArnUomy, WoHtorn 
IloHCrvo Univorttily, Clovdaiul, Ohio, pre- 
jtJircd for thn b'hiic I loll so Conftnaicc. 


known individuals and exact nge from 
the bodies of children and adolescents 
housed in the anatomical laboratories 
of the United States, Canada and 
Great Britain, I hoped in this man¬ 
ner to amplify the observations made 
on our own collection which then 
numbered over one hundred and now 
exceeds two hundred. The answers 
to my letters were most unsatisfactory 
and disclosed, in the three countries, 
only 5 skeletons for which the nge 
could be given with any close degree 
of approximation. Tliis extraordinary 
state of affairs should be borne in 
mind in considering the evidence which 
wc present from the comparatively 
rich collection in Cleveland. Anti it 
should be particularly remembered 
in weighing tlie adverse criticism of 
others who have reproached us from 
time to time for the temerity with 
which wc have ventured to question 
current teaching. 

The object of this pajicr is to set 
forth the facts of epiphysial union as 
seen on the actual Ijones and on roent¬ 
genograms of them. Our observations 
have a definiteness and assurance 
vvhich can only arise from the ad¬ 
vantage of examining in detail the 
very bones rocntgonograiihed. How¬ 
ever voluminous bVio data gnthnrnd 
from rocntgcnograniB not so con- 
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trolled, the total result ia almost 
worthlegg because the invcatigabors 
have had no opporfciiniLy of testing 
their interpretationa of the roentgeno¬ 
grams. In making such a statement 
the reader who may be amazed at its 
drastiG character, should remeniher 
that I refer to the large or deeply 
placed diapliyso-epiphyaial sites only. 
In elbow, wriab and ankle, but still 
more in shoulder, knee and hip the 
overlapping roentgenographic shadows 
and the obscuration of outline by the 
overlying soft tissues render inter¬ 
pretation of roentgenograms most haz¬ 
ardous without a course of careful 
training in comparison of roentgeno¬ 
gram with naked bones. Moat of 
those who have felt impelled to chal¬ 
lenge the observations published by 
Stevenson under my direction have 
relied upon their ability to read a 
roentgenogram without this con¬ 
trolling dissection (7, 8, 9, 10, 17). 
One author has utilized mammalian 
material which he has indeed dissected 
(1) but has later gracefully acknowl¬ 
edged (2) after consultation to have 
been anomoloua in that it shows what 
I have described as lapsed union (13). 
Another (4) has based his objection 
on very inadequate observation of a 
few mammalian skeletons. His find¬ 
ings are of no account when set beside 
the comprehensive survey of over a 
thousand mammalian skeletons which 
I have investigated for this purpose. 

Stcvenson*s investigation w'ns con¬ 
fined to the long limb bones excluding 
band and foot, to the scapulae, rib.s 
and ossa innominata (11). Later 
D'Evrlco exteuded tlm Inquiry, also 
under my direction, to tlie clavicles 
(14). These researches are but a 


small part of the vigorous mid coin- 
prehenaive survey which I have per¬ 
sonally undertaken of all epiphyses of 
the mammalia including man and 
have prosecuted continuously for the 
last eight years as a part of the in¬ 
vestigation of age changes in akcletons. 
The survey completed to date covers 
more than three thousand liuinaii 
skeletons ot which eighteen hundred 
arc those of known individuals whose 
age is ascertained. These are in the 
collection at Western lleservc Uni¬ 
versity. Twelve luiiulrod lire drawn 
from archeological inve.stigationa in 
New Mexico and Arizona. These 
skcIetonB arc now housed in the Ameri¬ 
can Museum of Natural History and 
in the Peabody Museum ot Harvard 
University. For the opportunity to 
examine them I ain iiulobtcd to Doctor 
Clark Wissler, Doctor E. A. Hooton 
and Doctor A. V. Kklclor. The re¬ 
mainder arc of miscellaneous origin 
both in place and time. They include 
the Scarborough series and otliors now 
ill the collection at the Royal College 
of Surgeons which were kindly placed 
at my disposal by Sir Arthur Keith. 

The mammalian skeletons uunibcr- 
ing upwards of one thousand including 
one hundred and fifty antliropoidH, 
comprise the col lectio ns in the 
Ilainaim Museum of Western Reserve 
University gathered together by my¬ 
self for investigations on growth, in 
the Royal College of Surgeons, the 
American Museum of Natural History, 
the National Museum at Was! ling ton 
and the Field l\'ruscAim in Chicago. 

Publication of our findings 1ms been 
purposely delayed, in spite of incite- 
inciit to repiy to adverse cntici.^iii, fur 
two roiusons. l^'irst the more deeidy 
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WG progi'Oascd into the aiibjecfc the 
more complex it grew and the greater 
the number of problems which arose 
out of it. Until we were able to 
make an adequate comparison oF 
skeletal maturation in man with that of 
other mammals I felt a lack of funda- 
knOTkdge, This has now 
been obtained and an initial statement 
of our findings has gone to press under 
the title Comparative Youth (15). 
Secondly I desired, before publication, 
to pub our observations to the in¬ 
tensely pragmatic test of clinical ap¬ 
plication . Having now had the oppor¬ 
tunity of thoroughly investigating 
skeletal maturation on over one thou- 
Baud living children whom we have 
cxiuniried tocntgcnogvaphieally at in¬ 
tervals of several months up to two 
years, and on the latest of which we 
have also had the confirining evidence 
of psychological teats, I feel free to 
set forth our results in detail with 
GouRdence, 

The reason why Stevenson found 
Bvmh striking uniformity in order of 
epiphysial union is that this order is 
a feature of mammalian development 
in general. There arc exceptions, 
ordinal and generic divergences, but 
tunclamen tally and csscntisilly the 
order-pattern is mammalian in extent, 
The reason wliy Stevenson found so 
close n iimc-relfitionship is that the 
period eighteen to twenty-two human 
years ia that of most stable iind uni¬ 
form human maturation in both sexes 
and in both white and negro stocks. 
The reason why our investigations of 
epiphysial union during these early 
adult years bear results diflering funda¬ 
mentally from those of other workers 
is that Avc nlonc have had the oppor¬ 


tunity of checking our roeiitgeno- 
graphic observations upon the actual 
bones roentgenograplicd and that we 
alone have had at our disposal criteria 
establishing the normal or patho¬ 
logical diameter of the diaphyao- 
epiphysial site. 

Ill this paper I propose to set forth 
the results of our observations upon 
actual epiphysial union and its ex¬ 
hibition in roentgenogvamB. 

THti yilOGIlESa OP BVIPHYBIAL MA- 
TUnATION AND UNION 

It haa already been stated that 
provioua to our investigations Dwight 
(3) ia the only modern anatomist who 
has had the necessary material upon 
which to base an original study of 
epiphysial union. I have been unable 
to unearth the material upon which 
these investigations were made but 
our experience confirms Dwight’s con- 
cluaions on limb bones, barring hand 
and foot, in practically every reapeet. 
For an adequate understanding, how¬ 
ever, of the process of epiphysial union 
it is necessary to make a more detailed 
examination. 

The sites whore the successive stages 
can be most easily followed and, in¬ 
deed, can be identified on the voent- 
geiiograin if the actual bones are not 
available, are the lower end of radius 
and distal extremity of the humerus. 
In tlie description which follows the 
reader will understand that, though 
adequate handling of the subjeob re¬ 
quires a knowledge extending beyond 
these two arena it is on these that the 
reader, with material or roentgeno¬ 
grams at his disposal, will most con¬ 
veniently be able to follow our 
description. 
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An epiphysis is often loosely thought 
of iis a bony cap to the shaft. It is 
not. It ia a cartilaginous cap which 
ovciitually ossifies completely, in part, 
or not at all. Whether the epiphysis 
ossifies or not, tlic adjacent area of the 
shaft goes through identical stages of 
progress. If the epiphysis does ossify 
it also goes through the same stages. 
Lower epiphysis of radius and capit- 
ulum of liumcrua do ossify com¬ 
pletely. It is only in the latest stages 
when overlapping shadows may con¬ 
fuse their roentgenographic picture. 
They may therefore be relied upon, 
flimo.st to the conclusion of union, to 
give confirmation of our description. 
The approximate age relationships arc 
given tor males. Reference will rarely 
be made to females in order to avoid 
conrusion and excessive length of 
discussion. 

There first appears that early stage 
when the ossification in the epiphysis 
is nothing more than a nodule of 
approximately spherical form and the 
adjacent area of the bony shaft i.s 
similarly devoid of characteristic 
shape. 

This is followed by progressive 
ossification of the epiphysis which in 
its bony outline cornc.s to rcprochicc 
more and more accurately the outline 
of the growing cartilaginous epiphysis. 
At the same time ossification continues 
in the shaft. As a result the adjacent 
surfaces of epiphysis and shaft are 
reproduced in reciprocal oulline of 
cancellous bone. There is no con¬ 
densation of the surface even into the 
thinnest layer of comp acta. When 
the structures arc maceralod at this 
stage the cancellous character of the 
surface.s is plainly apparent to the 


naked eye. They are friable iind 
easily damaged. 

The GoiujuLcriiblc interval hcUveeii 
shaft and epiphysial surface chiirae- 
tcrisLic of this stage is maintained 
until shortly before union takes place. 

The second stage is n change in the 
bone texture adjacent to Ibe dehnnt- 
ing surface both on shaft and epiphy¬ 
sis. This is apparent on the roent¬ 
genogram as a hazy rlbhou involving 
the bony surface and extending deeply 
from it into the bony Hiibstancc to a 
depth, on the shaft side, of approxi¬ 
mately three millimeters, less on the 
epiphysial side. Exactly what hap¬ 
pens to produce this appearance will 
doubtlc.ss eventually be dotermined by 
histological rcseai'cU. We do know 
that an oedema produces a like result 
and the area can be picked out and 
distinguished from the rest of the bony 
by differential Htiiining by toluidiii. 
Coincident with bhi.s appearance which 
occurs in the knee at approximately 
seven yenra there is a temporary pause 
in growth. In the knee this stage lasts 
six to twelve months. A aiinilur 
appearance may supervone during and 
shortly after one of the exanthemata or 
other toxic condition. It remains ti 
variable time after such origin id ion a.s 
fine white scar. 

The third stage is a i)rogressivo 
clearing of this haziness. As ibe l)ony 
outlines again become clear I hoy 
possess a thin coating of more con¬ 
densed osseous tissue which is iden¬ 
tifiable on the rocMitgenogram as a fine 
delimiting line of bone at tlio adjacent 
surfaces of shaft and epiphy.sis, Tlui 
diiratinn of (his stage varies aiid \\ (* do 
not yet know its lime limils for iiie 
so vend silos. 
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FollowinR upon the definition of the 
bony siii'facc the fourth stage super- 
vencs. This is the stage of billowing 
which ia of considerable duration, I 
have described it in detail for the 
aymphysis pubis (12) Avhero it lasts 
nlmoat tliroughout the second decade. 
It is first seen in the roentgenogram of 
the lower end of the radiua at about 
seven years and a half, on the capitular 
surracc of humoral shaft at about five 
yoava and on the olecranon six months 
later. A similar billowing can be seen 
on the surface of the bone of the de¬ 
veloping femoral condyles and troch¬ 
lear surface between five and six 
years, lu this location I have known 
it sometimes mistaken for coimneucing 
tuberculosis. 

The billowing ia most regular and 
easily seen rocnbgenographically at 
the syiuphysis pubis but once the 
reader has found it there he will 
readily identify it elsewhere. I have 
given a full description of its appear¬ 
ance on the pubie bono in my earlier 
studies already mentioned and in a 
recent record of our rocntgenographic 
obsci’vationa (10). 

The fifth stage is the stabiliyiation of 
parallelism in diapliysinl and epi¬ 
physial bony oudine. It occurs in tho 
male diaphysoepiphysial area for the 
humeral capituluin at about eleven and 
IV half yeuva though its occuvreiice may 
be as much ns two years earlier in the 
female. At this site then the lateral 
roentgenogrnin shows a definite paral¬ 
lelism in the clear wliito billowy outlines 
of adjacent surfaces on shaft and 
epiphy.Hig, 

Shortly after Stevenson's observa¬ 
tions had hoen published Hcllmau got 
the opportunity to study epiphysial 


union in the hand. Stage V as just 
described corresponda to Heilman’s 
stage A (5). 

Onr stage VI, which corresponda to 
Hellman'a stage B, siipervenea at n 
date varying with the site but always 
later than the appearance of stage V. 
It ia characterised by a narrowing of 
the gap between the parallel lines of 
shaft and epiphysial surfaces, At the 
capibiihim it occurs at about thirteen 
years in the male, about a year earlier 
in the female. The definite white 
outline of surface is retained and 
ossification ia completed characteris¬ 
tically into all remaining crannies of 
the outline. This final oxtenaiou of 
ossification may fail as, for example, 
on the dorsal surface of the olecranon 
or just below the tibial tubercle bub 
such imperfections are of no real sig¬ 
nificance. The cartilaginous pocket 
may be transformed into bone later 

In the following stage, No. VII, 
corresponding to Heilman's stage C, 
there is a definite breaking up of 
adjacent outlinoa on the roentgeno¬ 
gram with patchy loss of the delimit¬ 
ing white line and extensions of bone 
across the intervening gap between 
shaft and epiphysis. This is the .stage 
of commencing union. On actual dis¬ 
section one finds that union always 
begins in the deeper parts of the 
diaphyso-epiphysial areas and extends 
erratically to the outer surface of the 
bone. Hence, so long as, to the naked 
eye, there ia a giip, however narrow or 
restricted in extent, union has not been 
perfected. When the inacernted or 
dissected bone no longer shows surface 
discontinuity one may be sure that 
union is completed. 

In large diaphyso-epiphysial sites, 
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like the knee and femoral trochanters 
where there is much interdigitation of 
Bhaffc and epiphysis, or in sites of ex¬ 
tensive overlap like the upper ends of 
humerus and femur, the confusing 
medley of ahadowa on the roentgeno¬ 
gram actually obscures the precise 
relationship of shaft and epiphysis, 
"Ilie deptli of soft tissues in all these 
areas adds to the difficulty of deter¬ 
mination. For knee and shoulder 
stereoscopic roentgenograms arc of 
some help though even with their aid 
judgment may be quite fallacious un¬ 
less the investigator liaa trained Inin- 
self very carefully by control observa¬ 
tions on the bones by dissection and 
maceration after roentgenography. 
The record of the observations itself 
carries intrinsic evidence of its re¬ 
liability or its worthlessness. 

The reason for licllman's conclusion 
that some times, in the phalanges, hia 
stage B or C or both may be omitted 
is this very overlap of shadows. There 
is no doubt however that, in small 
areas lilce the phalangeal sites, Heil¬ 
man's stages B, C, D may follow each 
other quite rapidly. Our correspond¬ 
ing stages VI, VII, VIII go through 
their gamut with astonishing speed at 
the outer end of the clavicle. At this 
site their sequence is so rapid and 
follows so fast upon ossification in the 
epiphysial cartilage that a lateral 
epiphysis to the clavicle finds no place 
in current descriptions of the skeleton. 
Tliis was shown in great detail by 
D'Errico and myself (14). 

Stage Vlir, Heilman's stage D, is 
the early stage of complete epiphysial 
union. To the naked eye the dia- 
physo-epiphysial line of union shows 
on the outer surface of the bone as ii 


thin red line. On the roeutgenogrriin 
it is idcntiried by a thicker single white 
line ill place of the patchy iiTOguhuity 
with isolated areas of double fine lines 
paralleling each other on or Ijctween 
the patchy areas. On ankle, elbow 
and wrist it can be distinguished with 
difficulty from stage VII and I prefer 
myself to make no final judgincufc 
in most roentgenograms where stages 
VII to IX arc in question. In knee, 
hip and shoulder it is diHUiiguisUed 
with even greater difficulty iind one 
may be quite uncertain of any stage 
between VI and IX inclusive. 

The white line of the roenlgciiograin, 
characteristic of stage VIIl, persists 
as a fine soar for some months. It may 
remain throughout life as it- often docs 
in the upper til:>ia, or it may disappear 
after about six months as it almost 
always does in lower ulna and, some¬ 
what less often, in lower radius. We 
have defined this stage as recent union. 

Stage IX, Heilman's stage E, is 
that of perfected union with con¬ 
tinuity of the osseous trabeculae from 
shaft to epiphysis. When this stage 
supcrvenc.'n all trace of epiphysial 
differentiation ia Io.st. 

Tirn Aon-oiiDEu ov icrirnYHiiVL union 

Before closing this article wo sliall 
set forth in tabular form the iige-order 
of epiphysial union as it occurs in 
human beings of both sexes and in 
sound condition (table 1). It imisL lie 
remembered that all dates are subjc^cl 
to minor modification though the 
mass of our ohservations is already so 
huge that I doulit if much alteration 
will lie nccesHiiry. Tliere is an in¬ 
dividual variation of whicii ITelliiiun 
calculated the stniulard deviiilion as 
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three months, thus providing a normal 
limit of ninei months ou each side of 
the mean date. Uus accords ^vibh our 
observations. Further, in the ab¬ 
sence of a birth certificate or at least 
tlie exact date of birth, a given age 
may refer to any date during the 
eighteen inoiiths which intervene be¬ 
tween the birthday next above and 
halt way towards the birthday next 
below. Our experience is that chil¬ 
dren of good physical grade usually 
present epiphysial stages in the upper 
nine months. We do not regard a 
child as retarded unless his skeletal 
maturation falls beyond the limit of 
the lower nine months. 

IimEGULAIUTIKS OF SKUmETAIi 
MATUItATION 

do occasionally find children 
exhibiting a general acceleration of 
skeletal maturation and, far more 
rarely wg find local accelerations. 
There is some correlation between 
stature and skeletal maturation of the 
knee. There is a rare local accelera¬ 
tion observed in hand only. 

Far more often retardation ia ex¬ 
hibited in skeletal maturation. It 
takes tlucc forms. 

1. General retardation or repression. 

2. Local inhibition or lapsed union. 

3. Temporary repression with 
irregular recovery. 

In rare instances of pronounced 
pathological character wc meet with 
total inhibition or general lapsed union. 
In such patients the age at which in¬ 
hibition occurred can be definitely 
ascertained by a study of the roent¬ 
genograms. 

Tliift is not the place for a descrip¬ 
tion of irrogidaritics: they mu at be 


dealt with fully in later communica¬ 
tions, They do however suggest that 
the entire pattern of skeletal matura¬ 
tion is under definite control and that 
deviations from the schedule of table 
1, definitely identifiable, may be due 
to disorganization of, or interference, 
however slight, with this control. 


TABLE I 

Affo order of epiphysial imion in 7 /ian, 
partial list: idenlifiable vaenigeno- 
ffi'aphicalhj 


usuAi, LijidTa or union 


CJRBI.ETAL B1TE3 


Alnln 


years 


FoihrIo 


years 


Huinenia distal. 

Calcaneus. 

Foot 2iicl and 3rd phal. 

Foot lafc phal. 

Ulna proximal. 

Uaiul 3rd phal. 

Radius head. 

Humerus mod. ep. 

Os innom primary 

elemctktfl. 

Hand Ist phal. 

Hand 2nd phal. 

Metatarsals. 

Mctaoarpala. 

Tib. fib, distal*. 

Fornoral head. 

Trochantcra. 

Iflch. tuber. 

Tib. fib. pvox. 

Femur diat. 

Radius, ulna diet. 

Acromion. 

Clavicle lateral.. 

Humerus prox. , 
Scapula lower angle_ 


14.0-15.0 
U. 5-15.5 
14.0-15.0 
14.5-15.5 

14.5- 15.5 

14.5- 15,5 

14.5- 15.5 
15.0-16.0 


12.5-13.5 

13.0-14.0 

12.5-13.5 

13,0-14.0 

12.5- 13.5 
13,0-14.0 

12.6- 13.6 
113.5-14.5 


15.0-10.0 

15.0-10.0 

16.0-16.0 

15.0-16.0 

15.5- 10,6 

15.5- 10.5 
17 . 0 - 18.0 
17.0-18.0 
17.0-1B.0 

17.5- 18.5 

17.5- 18.5 
18.0-19.0 
18.0-19.0 
10 . 0 - 20.0 

19.5- 20.51 
20 . 0 - 21.0 


13,0-14,0 

14.0-15.0 

14.5- 15.5 
14.0-15.0 
15.0-10.0 

14.5- 15.5 
|l7.0-18.0 
17.0-18,0 
17.0-18.0 

17.5- 18.6 

17.5- 18.6 
18.0-19.0 
18.0-19.0 
19.0-20.0 

10.5- 20.5 
20 . 0 - 21.0 


Scapula vert, border, . 

Iliac Croat...... 

Clavicle sternal end... 


20 . 0 - 21.0 


20 . 0-21 


.0 


20 . 0 - 21.0 20 . 0 - 21,0 
25,0-28.0 25.0-28.0 


The complete Hat of epiphysial fuaions 
will be given in a later coinmuiiicatioii. 
Many can bo identified upon the ekclotoii 
only. 

* May be rovisod. 
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BUMMAIIY 

1, The general review of observa¬ 
tions here recorded is part of our in¬ 
vestigation of skeletal maturation and 
age changes* It has been carried out 
on over 3000 human skeletons of which 
1800 were from known individuals of 
ascertained age. The investigations 
oil skeletal maturation in childhood 
and youth cover 200 of the known 
skeletons. They also include over 
1000 mammalian akclctoiia and a 
roentgcnographic study of over lOOO 
children. 

2. The progress of epiphysial mat¬ 
uration and union can readily be sub¬ 
divided into nine stages. 

The first extends to the period wlicn 
diaphysial and epiphysial bone approx¬ 
imate each otlier but as yet show no 
intimate relation, the adjacent surfaces 
being ill-defined and composed of can- 
celloua tissue. 

The second is the stage of obscura¬ 
tion of the adjacent bony surfaces by 
their transformation into thick hazy 
zones. 

The third stnge shows clearing of the 
haze with appearance of a fine de¬ 


limiting surface of more con den sec,I 
tissue shown on the roeulgenogvain as 
a fine white line. 

The fourth stage exhibits billowing 
of adjacent surfaces. 

In the fifth the adjacent surfaces 
show reciprocal outlines which are 
parallel to each other. 

In the sixth the ga]) between adja¬ 
cent surfaces is niirrowed, 

Tlie seventh is the stage of com- 
mcncing union when Uic fine white 
billowed outlines break up* 

In the eighth sLiige uiuon is com¬ 
plete though recent and appears on 
the naked bone as ii fine red line. 

Tlie ninth stage Ls tlmt of i)orfectcc! 
union with continuity of trabeculae 
from shaft to epiphysi.s, 

3. The age order of union is per¬ 
fectly definite in sound healthy human 
beings and a partial list of epiphysial 
union.s with their dates is given, TIujsg 
selected arc of greatest service in 
checking umbiiration in rehitioii to age, 

4, The problem of inegularilic.'.s in 
date of union ia briefly reviewed bul 
complete presentation of lliiH subject 
is defeiTod for livlor coiisideration. 
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The Learning of Abstract Concepts 

of Size 

J. Allan Hicks and Floubncb D, Si'iiwaut 


I N THIS experiment children two 
to live years of age were tested 
on their ability to learn to select 
the middle-size of 3 boxes. Six boxes 
varying proportionately in size were 
used to make up 4 series of 3 boxes 
each. Each scries was presented in 
such order that after n child had 
learned to select the middle-size box 
in one group he was shown a new com¬ 
bination from which the "largest" box 
of the previous series had been dropped 
end a new "smallest" box added. This 
procedure made it pos,sible to study 
the ability of children to apply the 
concept of size. If a child continued 
to .select a box after it had become the 
largest rather than the middle-size 
box in a new series it indicated that he 
wa.s selecting a particular box inde¬ 
pendent of its relation to the other 
2 boxes. On the other hand, if he se¬ 
lected the middle-size box in a new 
series and ignored the box which be 
had been selecting in the former 
series, it indicated he was utilizing the 
concept of "middlc-sizeness" independ¬ 
ently of a particular box. 

Forty children were studied—10 
two-year-olds, 10 thrcc-year-okls, 10 
four-year-olds and 10 fivc-yciir-olda. 

‘ Tliia etutly wiia made nt the Wnshiiigton 
Child Iloscarch Center. 


Twenty children wore iitleiuling the 
luirscry .scliool sectiou of the Washing¬ 
ton Child llesenrch Cj'uter iiiul 20 the 
pre-kindergarten and kindergiirten 
classes of tlie John Quinoy Ad!iin,s 
School of the public school Systran of 
Washington, D. C. All the childicn 
arc from home,? in one of the better 
re.sidential districts of Wiisliinglon in 
which the cultural advantages are 
above average. 

DjiscniP'rioN or test 

The G boxes used in tlii-s experiment 
were cubes open on oinc siile. They 
varied proportionately in size from the 
largest box, with sides 14 centiinclers 
long, to the smallest box with sides 4 
centimeters long (fig. 1), All of Llu', 
boxe.s were covered with red paper and 
were idonticnl cxet!i)t in size. 

A small toy was always placed uiuUir 
the middle-size box in order to lielp 
motivate its .selection and to identify 
the correct rc.sponsc to the child. This 
procedure also served to make the 
experiment an iiilcrcsling "game'' for 
the child. 

For clcarnc.ss in (li.scu.s8ion the boxes 
are indicated iiccordiiig to size by 
mimbers ranging from 1 to (i, the 
largest box being number 1 and the 
Hiiiallcat mimh(!r (i. They were', pre- 


lOfi 
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ficntod to each cin'id in 4 scries (fig, 1) 
of 3 boxes each in the following order: 


L 

BEIVllrta 2 

H F.uit:g 3 

HElUEa 4 

2 1 3 

CM 

3 4 C 

6 0 4 

1 3 2 

4 3 2 

4 5 3 1 

4 6 6 

3 2 1 

3 2 4 

6 3 4 

6 4 6 


The nninber to the Jeft each of tJie 
above positions represents the box 
which was on the child’s right ns he 
fncocl the table. The boldfn.ccd inline 
ber in each case was the middle-size 
box ia the particular series in ^Yhich 
it was presented. By varying the 


deemed unable to learn to discriminate 
among the boxes and training u'as dis¬ 
continued, The interval between 
practice periods was never less than 
one day nor more than three. Any 
subjects who were absent more than 
three consecutive days and could not 
be tested in their homes, were dropped 
from the experiment. 

While arranging the boxes in posi¬ 
tion on the table approximately three 
inches apart the examiner concealed 
them from the child’s view with a 
screen. 

For the first trial on series 1 the 
boxes were presented to the child in 
position (a) iu the following manner: 


^Scried I 


1 

—H cm. __^ 


— 

- Sarlea 2 -- 


_^ 

2 


in . 


i - 

4 

a. ^ 

^ Series 4 . 

□ 

- f 

□ 


Fig. 1. Sbiuhs op Boxes in Sizn Retjationship Test 


of tbo boxes during each 
series the factor of position as a pos¬ 
sible basis of learning was eliminated. 
During a single practice period the 3 
positions of a series were repeated 5 
limes in the order given. Thus 15 
trials or clioict\s were made by a child 
in the course of eacii practice period. 

Each sorios was presented until the 
child made a perfect record on the 15 
trials constituting a practice period. 
The next series was presented at the 
following pvaclicc period. If at the 
oiul of the .sixth practice period or 
after PO liialH on the first series the 
child was not getting more than one- 
third of the rcfiponses correct he was 


Pronouncing middle-size as nearly aa 
possible as a unit with equal emphasis 
on both parts, the examiner said; 
^'Now wc arc going to play a now 
game. Here is a middle-,si^c box 
(pointing), a big box (pointing) and a 
tiny box (pointing). Tliere is a toy 
under the middle-size box but there is 
nothing binder the big box or tlic liny 
box (lifting each box to dem oust rale). 
Remember, the toy is always under 
the middle-size box.” 

The examiner placed the screen 
before the boxes and rearranged lliem 
in order! 3 2 (position (b) in series 1), 
“Here is the big box (pointing), the 
tiny box (pointing) and the middle- 
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size box (pointing). Aiul remember, 
the toy is always under the middle- 
size box/^ (Pause.) If the child in¬ 
dicated the wrong box, the examiner 

said: ^‘Noj that is the--—- box, 

The toy is always under the middle- 
size box (raising box),^' If the correct 
box was indicated the examiner said, 
'^Yes, the toy is always under the 
niiddlc-sizc box/^ 

‘'Now let us do it together once 
more before you do it alone/' The 
boxes were arranged behind the screen 
in order 3 21 (position (c) in series 1). 
roiiiting to the smallest box, the cx- 
amincr said, "Hero is—(pausing for 
response)/' If the child did not re¬ 
spond immediately, the examiner com¬ 
pleted the sciitcncDj "—the tiny box." 
The same procedure was followed witli 
the other boxes, the examiner pausing 
each time to give the cliild an oppor¬ 
tunity to identify the box indicatod, 
The examiner then continued: '^Hc- 
meinber, the toy is always under the 
middle-size box. All right, find the 
toy for me." The subject was given 
time to indicate the box and the ex- 
iimincr commented upon his choice: 
"That ia right" or, "No, tluit is the 
-box, the toy i.s always un¬ 
der the middle-size box," (raising the 
middle-size box). 

Following this demonstration the 
examiner began the test proper. The 
boxes were presented in position (a) of 
series 1 (2 1 3) with the instructions, 
"Now I want you to do it all by your¬ 
self and find the toy the very first lime 
you try. Arc you all ready? lie- 
member, tlie toy is always under tlic 
middle-size box." After the child 
had made hiiS choice, tlm examiner 
SLud; "That is right" or, "No, it's al¬ 


ways under the middle-size box" 
(raising the iniddlc-.sizc box). 

After rearranging tlic l)oxe.s and be¬ 
fore the child attem|>ted to .select the 
middlc-.sizc box in the new position, 
the examiner called his aUention to 
the problem by saying: "Remember, 
the toys i.s always under (he middle- 
size box." This hiuguiige is the siunc 
as in tlio inilial iiistnictions and was 
used without variation with eacli new 
position througlmut tlio lest, Tjjo 
comment ujKm the child's choice was 
exactly the same ns nt the end of I ho 
fii’iSt trial. If he made a second or 
third choice sponbuioouwly Ids aetioii 
WiXB recorded. If he failed and did 
not make another choioe tin? examiner 
I'jiised the middle-size box saying: 
"It's* always under the inidclle-,siz(? 
box." 

Before beginning the test on suc¬ 
ceeding days the exaniinor .said: ‘VDo 
you remember how w^c played our 
game? The toy was always \uu1cm’ the 
middle-size box. All right, find the 
toy forme." 

A record wns kept on a suitable 
blank form of the iiuiubtu' of the box 
chosen, the hand used in tin? choice 
and the general reaction of a child 
to the tost, 

iimuim 

The performance of each child on 
the size relationship test is suiumur- 
izccl in table 1 for each .series and for 
all scries combined, 'rhls UiV)le shows 
the nurnber of j^raellco pcriod.s re¬ 
quired to learn to select the middlc- 
size box without error on L)ie Ih 
choices required on each iiraclice 
I)ojiod and the jimnber of <‘rrora or 
wrong choices made. 
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TABLE 1 

JViimter of practice penoda and iiuinfccr of errors for individuals an the ^ize reJatilona/Lip teal 


AaB 


TOTAL 

I 

2 

3 


Prno- 

tlco 

periods 

Errors 

Prnc- 

licQ 

porloda 

Errors 

Prao- 

licQ 

porlacia 

Etrora 

Prno- 

ClOQ 

periods 

Ecrore 

Prno- 

tlco 

poriodfi 

EriQTB 


Two-ycaV'Oldfl 



Three-ycar-olda 


cw. 

30 

7 

51 

1 

0 

2 

2 

2 

1 

12 

64 

pp. 

33 

4 

S 

1 

0 

2 

1 

1 

0 

8 

0 

DM. 

34 

1 


1 

Q 

2 

2 

2 

2 

0 

4 

\VH. 

3ft 


37 

2 

1 

1 

0 

1 

0 

10 

30 

AD. 

37 

2 

7 

2 

1 

2 

3 

1 

0 

7 

U 

AL. 

37 

d 

12 

2 

4 

1 


1 

0 

8 

10 

cs., 

38 

2 

1 

2 

1 

1 

0 

1 

0 

0 

2 

JC... 

40 1 

1 

0 

3 

11 

1 

0 

1 

0 

0 

11 

1K\ . 

41 

1 


2 

1 

3 

8 

1 

0 

7 

D 

LD. 

42 

2 

2 

2 

1 

2 


1 

0 

7 

4 

Av.... 

3G.B 


11.8 

l.B 


ID 

1.7 

1.2 

0.3 

7.7 

IB.B 


Four-year-olds 


ME . 

43 

5 

IQ 

1 

0 

1 

0 

1 

0 

8 

10 

IIH . 

44 

2 

1 

2 

1 

1 

0 

1 

0 

Q 

2 

DD. 

44 

2 

Q 

1 

Q 

1 

0 

2 

1 

6 

7 

NS. 

40 

1 

0 

3 

B 

1 

0 

1 

0 

6 

5 

RE . 

40 

1 


1 

0 

1 

0 

1 

0 

4 

0 

DL. 

60 

1 


2 

1 

2 

2 

1 

0 

0 

3 

PS. 

61 , 

2 

6 

2 

1 

2 

2 1 

2 

3 1 

8 

11 

HP. 

Bl 

1 


1 

0 1 

2 ' 

3 

a 

4 1 

7 

7 

JH. 

61 

2 

' 1 

1 

0 

1 

0 

1 

0 

5 

1 

FE ... 

62 

1 


1 

0 

1 


1 

0 

4 

0 

Av..... 

dA.] 

1.3 

1 2.& 

1.5 

-O.s 

1.3 

0.7 

1.4 

0,8 

0.0 

6.2 
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TAUtjE 1—ConrlrnJrJ 




I]£ll|F,a I 

r 

__ 

child 

AOE 

1 

2 

3 

A 

TOl 

rAL 

1 


PrAC- 

iicQ 

porfoda 

Grrara 1 

Prnc- 

Uco 

rDrioda 

Grrora 1 

1 

Prac- 

lico 

pcrioile 

Errora 

Prao- 

lii?D 

periocifl 

Errora 

Prnc- 

liCD 

Pcriodi! 

l^rrojj 


Five-year-olds 


bh. 

i TJioniha 

56 

1 

0 

1 

0 

1 

2 

1 

1 

1 

2 

1 

0 

2 

GG. 

GO 

1 

0 

1 

0 

1 

0 

2 

1 

5 

1 

AW.,. 

60 

2 

1 

1 

0 

1 

0 

1 

0 

5 

1 

MIC. 

fll 

2 

2 

1 

0 

1 

0 

2 

1 

G 

3 

DV. 

62 

1 

0 

1 

0 

1 

0 

1 

0 

4 

0 

GD. 

63 

1 

1 0 

1 

0 

1 

0 

' 2 

1 

5 

1 

BM. 

64 

3 

10 

2 

1 

1 

0 

: 1 

0 

7 

11 

DL. 

64 

1 

0 

1 

0 

1 

0 

1 

0 

4 

0 

NT. 

64 

1 

0 

1 

0 

1 

0 

1 

0 

4 

0 

DR. 

65 

1 

0 

1 

0 

1 

0 

1 

0 

4 

0 

Av. 

01.9 

1,4 

1.3 

1.1 

0.1 

1.1 

0.1 

1,4 

0.4 ^ 

5,0 

1.9 


Age factor 

Table 1 ahowa that the older chil¬ 
dren took fewer practice periods to 
learn the 4 series and made fewer er¬ 
rors in selecting the micldlc-sis5e box. 
With one exception the two-year-olds 
failed to learn the first series and were 
dropped after 6 trials according to the 
arbitrary standard previously de¬ 
scribed, Vov scries 1 the 10 children 
in this group mnde 541 ejTors. All of 
the three, four and five-year olds 
learned the 4 series. For these chil¬ 
dren table 2 gives the number of pnic- 
tice periods, the number of errors, the 
means, the medians, and the ranges 
for the 4 series combined. 

Table 2 brings out the fact that the 
number of practice periods, the num¬ 
ber of errors, the means, the mediiins, 
and the range.s consistently decrease 
in size with the older children thus in¬ 
dicating marked age dilTcrenccs. 

The correlation between chrono¬ 


logical age and practice periods for tlio 
30 children, agc-s three to five inclusive, 
was —.68 ±,07. The correlaLion be¬ 
tween chronological ago and number of 
errors for the same children wa.s — ,43 

TADLi: 2 

Number of practice periods and number of 
errors for age oroujj.-i the size rda^^ 
(ionship test 



thurk- 

YEAll-pLlia 

1 FOirJi- 1 

YEAll'OliD.H 

five- 

YKAU^OLUa 

.§1 

Is 

Errors 

■dl 

r^' 

K 1 

O 1 

M 

.d| 

u\ 

|U 

Total . 

77 1 

158 1 

GO 1 

52 

50 

19 

Mean.... 

7,7 

15.8 

0.0 

5,2 

5.0 

1.9 

Median,.. 

7.0 

10.0 

6.0 

4.0 

5.0 

1.0 

Harige . . 

6^12, 

l>-54 

4-8, 

0-1G 

4-7 

j0~ll 


±.10. These coelliciLMilH iiulicale a 
dcllniLe teiulcncy for l)oth the jiuiuber 
of practice period.s luul the number oi 
errors to decrciise as ilie age of the 
child iiicieu.sed. ITowever, the inch- 
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vkliifil (liiyerciices witlnii any »gc group 
were -very large as table 1 indicates, 
li'or example. D. M. in the three-year- 
old group did not make au error ou 
series 1 whereas W. H,, although ap¬ 
proximately two months older, made 
37 cjTors on this scries. 

Menial age factor 

Mental ages were available only for 
the Uvo and threo-ycai''olds. Using 
the rank-difference method, correla¬ 
tions were computed for the 10 three- 
year-olds bo show the relation of metal 
age to al^iUty to learn to select the 
iniddle-Rizo box. The following cor¬ 
relations >Ycrc obtained: 



niACTlCE 

PEniODa 

Ennons 

Clironologicnl age. 

Mcntftl figc...... 

-.64 

-,74 

-.47 

-,CD 



TlicsG results can only be taken ns 
suggestive but llicy indicate that men¬ 
tal age was more importnut than 
chronological age in ability to learn 
to select the proper box. 

ytnat|/sis of erro?‘s 

On tho avorage, fewer errors were 
made on each successive series that 
was presented to a cliilcL Of a total 
of 247 errors made by the 31 children 
who completed the 4 series, 169 were 
made on scries 1, 36 on scries 2, 27 on 
series 3 and 15 on series 4. Thus 68 
pci'ccnt of the total number of errors 
were made on series 1. This shows 
that in general when a child learned 
to perform correctly in the first series 
the porfornmnee in the succeeding 
series w'as Yvilh few or no cnors. The 
cftSON of child W. n. and diilcl C. W. 


illustrate this. AV. II. made 37 errors 
before leaving the first series. There¬ 
after he made but one error. C. W. 
made 51 errors ou the first series, but 
having learned it he made only 3 errors 
thereafter. However, there were a 
number of individual exceptions. J. C. 
H. G., N. S. and B. L. made no errors 
until the second series was presented; 
R. P., B. H,, and D. M., made none 
until the third series; G. D., and G. G. 
made none until the fourth. 

In some cases errors were evidently 
duo to choices being made too hastily. 
For example, B. IT,, in the flve-yeau-old 
group, made 1 error on the third scries 
and 1 on the fourth. In each case his 
choice was the former middle-size box 
which he selected quickly. He recog¬ 
nized his error at once and in each case 
made his aiicccediiig selectiona without 
hesitation. Other ohildrcn probably 
learned to make the con'ect choice in 
scries 1 through observing the demon¬ 
stration but their perception of the re¬ 
lation existing among the boxes was not 
clear enough to guard them from fu¬ 
ture CYi’ora. Or, again they may have 
learned to select a particular box dur¬ 
ing the demonstration, which led them 
to choosG incorrectly in the following 
series. 

It may be, that during training a 
child learns to react to the middle- 
size box in relation to the 2 other boxc.s 
rind also to react to it ns a box of a par¬ 
ticular size independent of tho other 
boxes. When the new box is intjo- 
duced the child is confused because 
these 2 products of training become 
opposed to each other, the one favor¬ 
ing the choice of the middle-size box 
in the now scries and the other the 
choice of the largest box which was 
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the middle-sizB box in the preceding 
series. In some cases the larger box 
^vill be chosen a few times until the 
correct box ia learned—or the con¬ 
fusion may lead to the choice of the 
Bin all box instead of either of the boxes 
to which the products of training have 
been attached. 

Unless the size relationship of the 
boxes is perceived as an abstraction 
this difficulty may occur when each 
new scJ'ies ia presented. Those who 
make no errors until series 3 and 4 
may experience confusion when the 
second series is presented, but if they 
happen to make a correct choice on 
the first trial, the memory of the par¬ 
ticular box selected on series 1 tends 
to become we Likened. They may then 
make correct choices by selecting the 
proper box because of its particular 
size just as they did in scries 1. 

The children who went through the 
4 series without an error evidently 
learned the size relationship as an ab¬ 
stract principle during the demonstra¬ 
tion. 

Many of the errors occurred when a 
child formed the habit of choosing the 
box by its position alone and not by its 
size. Thu.s some children consistently 
chose tlie box to tlic right,, or to the 
loft, or in the middle position and per¬ 
severed in this habit in spite of their 
failure to discover the toy. 

Omitting the demonstration trials 
n.iul those trials when the younger 
childron could not be induced to desig¬ 
nate a box because they had not yet 
learned that the toy was under a box, 
the children who failed the test had 
altogether 084 trials. If wc consider 
as .systematic choosing only tliosc cases 
when a choice on llic basis of position 
was adhered to for at least 3 succe.ssive 


trials, wc find that 3^3 choicer or 152 
percent of all the choices of this, group 
were made on the basis of pu.sition. 
B. B., the only child in the two-j^car- 
old-group who completed tho lest, 
made no choiens on the basis of po.si- 
tion. This behavior was foinul very 
rarely among the oldrcr children. B. 
r. in the two-yciir-old-group ia an ex¬ 
treme example of the tendency to 
choose on the basis of position. lie 
cho.se the box in tlio middle po.sition 
11 out of IS trials during the second 
practice period. In his third practitjc 
period he chose the box to his left 12 
out of 15 trials. During the fourth 
practice period he cliosc the box lo hi.s 
left on the first 7 trials and the box 
in the middle iiositioii on tlic remain¬ 
ing 8, In the fifth practice period he 
chose the box to his right tlui fiisL 7 
trials, the box in the middle the next 3 
and the box to his left on the last 5 
trials. 

Table 3 bIiows that confusion of the 
correct box with the largest box oc¬ 
curred twice as often as with the smal¬ 
lest. Of a total of 247 errors made by 
the 31 children who completed the tost 
the largest box wiis chosen lOf) times 
and the .smallest 82. 

A. J. Kimiaiiuin (1) reported tlaiL in 
learning to discriiniiuilc aniong 0 food 
boxes of varying size his monkeyH 
were confused by far I he great or luini- 
ber of times by the larger boxes. He 
suggests that Ihi.s may eitber be be¬ 
cause the larger form could conlain 
more fruit and .so sccined more desir¬ 
able, or that the larger l)oxi\s were 
cho.sen simply beemise they were more 
conspicuous because of iheir size. 

The first of these sugge.slicms does 
not .seem to iip|)ly very well lo tlie 
present .study. In the first place, 
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of toys is not a factor influencing their 
choice by young children, esbcciciUy 
toys rcprcSGiitiiig live nbjecta which 
arc very large. In fact the children 
secnicd charmed by the small size of 
the toys. Also there were many com¬ 
ments about the smaller boxes when 
they \Yei e inti odiiccd. It bcctub likely 
that some of the errors were made in 
the later Bcries just because the tiny 
box had nn almost irrostiblc appeal 
for some of the child ton. There were 
fieqUGiitly such remarks as: love 

that tiny, haby box.^' 


TABLE 3 

AnabjBia of errors according to size of box 
selected 
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Kinnainnnts second suggestion, hovv- 
ever, that the largest box is chosen be¬ 
cause it ia more conapicuoua seems 
quite pUiusiblo as applied to this test. 
It might bo thought that the confusion 
with the largest box occurred because 
that box was rcmcinbercd aa the cor¬ 
rect box from the previous scries. That 
may be the fact iii some cases but the 
errors made on the fust scvica makes 
this objection implausible. In this 
series the largest box was chosen 112 
times and the smiillcsl; 57—practically 
the Slime ratio ns for the 4 series com- 
bmed. 

Here again individual differences 
arc encountoved. Several children 
were confused iiiorc oflou by Lhc win id¬ 
lest than by thc^ largest box in the first 
ficries. It is probiiblo thaii to theses 
childrou the srniillcst box appeared 
more doKiTiible and sn luorc eonapieu- 


oiis. Several children were much 
more confused by box number 4 than 
by number 2 in series 2. These chil¬ 
dren may have learned to make the 
c(3rrcct clioice in series 1 through a 
recognition of the size of the inidcllc- 
size box which was not well enough 
r-emembered to lead to the clioice of 
the big box when series 2 was pre¬ 
sented. They may thus have been 
led to choose number 4 because it was 
conspicuous by its newness. 

Interest 

Most of the ehiUlven accepted the 
examiner’s word that they were play¬ 
ing a game and entered into it with the 
play spirit. This was especially true 
of the older children, most of whom 
wer(i successful from the first. B. M. 
was the only five-year-old who had 
any difficulty with the game. On the 
second day, after making several mis¬ 
takes, he said: getting tired.^' 

This was, liowever, the only remark 
of the kind that he made. 

llcstlcssncss seldom occurrod except 
when there had been fallvu’c. Fre¬ 
quently there was failure without 
restlessness which appeared in some 
cases to be due to determination and 
iu others to be the result of satisfac¬ 
tion with incorrect responses. 

The older cliildren were more atten¬ 
tive than the younger. It was very 
diflioiilfc to get the two-yeai'-olds to 
watch during the domoustration and 
if there was any delay between trials 
they would run around the room. In 
general, their attention was fixed only 
when they were physically active. 
The older children wove very quiet 
during the dcinonstvatiou and with the 
exception of M. K. and B. M. seemed 
never to tiro of playing. 
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One of the outstanding differences 
among the groups was tlie shift of in¬ 
terest from the boxes and toys as no¬ 
ticed in the two-year-old-group to an 
interest in the game itself by the older 
children. All the children liked the 
boxes and the little toys bub the five- 
year-olds and several three and four- 
year-olds were interested in their 
score. Children frequently asked if 
they wore getting as many right ns 
some of their friends. There was very 
little of this interest among the 
ycar-olds. The direction of attention 
probnhly was an important factor in 
the general failure of the two-ycar-olds 
to handle the situation effectively. As 
ICbhler said of the cluinpanzecB in dis¬ 
cussing his experiment with the 
"Choice Boxes/' instead of looking 
carefully at the box after making a 
correct choice with a view of discover¬ 
ing its distinguishing characteristics 
for future use, they "—were carried 
away by their immediate interest in 
the goal before them—.”(2) 

SUMMARY 

A study was made of the behavior 
of 40 children beUveen the ages of 
two and five years in learning to choose 
the middle-size box in a series of 3 
boxes varying proportionately in size. 
After the child had learned to nuvke 
the selectiou correctly in the first 
series, the largest box was replaced by 
one smaller than the 2 remaining 
boxes and he ^vas again asked to ficlect 
the middle-size box. This process was 
repeated through 4 scries. 


From an analysis of the data thus 
obtained the following arc some of the 
more pertinent results: 

1. The test was beyond the ability 
of 9 of the 10 two-yciiT-olds used in 
this study. 

2. Fifty-two percent of the choicCvS 
of the 9 children who failed the test 
Averc made on the Ijasia of tlio i^osition 
of the box. 

3. The 31 children wdio completed 
tin* lust gave iilinost iio evidonce of 
Bclecl-ioii on the basis of the position 
of the box, 

4. The number of errors and the 
number of practice periods reciuircd 
to learn the 4 series decreased with ngc. 

^5. Success in learning the test ay as 
correlated highly with mental ago for 
10 thrcc-yoar-old children, 

6. Direction of attention to tlie 
boxes and intcrc,st in making correct 
choices were factors in ,succcss. 

7. The 31 children who coinplotcd 
the beat confirmed the middle-size box 
with the laigest box h\ a sevies twice 
as often as Avith the. smallest one. 

R. Sixty-eight percent of tlic errons 
made by the 31 children who com¬ 
pleted the test were on series 1. Tln.s 
iudicaLes that the children learned Lo 
select the middle-size box in relation 
to the other boxes nilhcr tlian Lo se¬ 
lect vv particular box. Once having 
learned the concept of “iniddlu-sizo- 
ncss" on tlic first series of boxes they 
were able to apply this concept lo 
succeeding serius. 

0. There AYcre largo iiidividiud differ¬ 
ences in learning. 


(1) Kinnaman, a. J. : Men till life of the (2) JCoiilkii, WonmAN’d : The imuitality of 
macaciis rhesus morikoyH ill captivity. iipes. llaioourt linicc, N(3W A'ork, 

Amor. J, PaychoL, 1002, 13, 08 148. lOJG, pp. 2H 1. 



Racial Differences in Bi-Manual Dexterity 
of Latin and American Children 

Emily 0. Lamb 

I N TESTING LiLtjn and American whites, Indians, Eslcimos, Ainiis, Fili- 
chiltli'cii with the Stanford re- pinos and Singalcse, the average differ- 
vision of the Binct-Siinon tests, euces were small and much overlapping 
over a period of ten years, the writer occurred." But between tliesc groups 
arrived at the conviction that Latin and the Ingorot and Nigvoto from the 
chilcli'cii arc more dexterous with their Philippines and a few Pigmies from 
Imiids than American children; so this the Congo, the average differences 
investigation has been undertaken to were great and overlapping was small, 
prove or disprove that belief. Woodward says that the results would 

llollingworth and Poffenberger (5) seem to indicate differences in intclli- 
in discussing form-board studios of gonce, but as the fairness of the test 
different races, made by Woodward, is not beyond question, it may have 
(15), ash, ‘‘arc there characteristics of been a more unfamiliar sort to these 
mind peculiar to different races of wild hunting folk than to the more 
men, which need to be considered settled groups, 
from the point of view of clRciency?'’ Herrick’s (4) studies of Brahman 
There is "pmotically no attempt to and Pnnebama children in South 
sepnvato the facts of inheritance from India, bring out interesting points on 
tlic effects of cdiieatiou, customs and tlic question of physical maturity, At 
general cnvironmcntnl conditions," four yenns Brahman children ox- 
"Experiiucntg have been made on ceexlcd American children in quick- 
j’nllier .simple functions, siicli ns sen- ness of reaction, but at hvc yeans tlic 
sory acuity, motor ability and simple American children have caught np, 
jiulgtneiits. Although the traits arc and from six years on the American 
simple, yot they are characteristics in children liolcl the lead, being faster at 
which peoples are .supposed, in the cveiy succeeding age studied. Ilcr- 
popular miiuls, to din’er. The upshot rick gives as one of the causes that in 
of all tlie experimental tests seems to the tropic,s children mature earlier 
show that the racial differences in than in colder climates, so it is not siir- 
fuiuliunental qualities, independent prising that four year old Indian chil- 
of training, arc slight," dren sliould be capable of faster per- 

WoodwiU'd (15) consitlcrctl the form- formance than Amciicnn four-year- 
board test he used to be a fair test of ohls. 

iiitelligoncc, iiiid depending very little Paschal and Sullivan (10) gave a 
on training. He found "between series of .sLniulardizcd perfonnaiice 

m 
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tosl{3 to Mcxictan children to attempt 
to determine racial differences in the 
men till and physical development of 
Mexican and American children. '^Phey 
found considerable overlapping in the 
top third of the distribution of most 
testfti but from the median dQ^vmYaTd 
the itiucrican children show iueveasiug 
superiority, the dilTcrence being 
greater at nine years than at twelve. 
Less 5 CX diirerence is found in Mexi¬ 
can children tliaa in American chil¬ 
dren on performance testy. 

Koch and Simmons (S) in an ex¬ 
perimental study of American, Mexi¬ 
can, and Negro children, found that 
the city white chiklrcn arc younger, 
in grade for grade comparisons, than 
are the city Mexicans. That the city 
groups, whether American or IN'Iexican, 
are younger for their grades than are 
their respective rural groups. 

Murdock (9) studied 3 different 
racial groups in llawaii, the Chinese, 
Japanese, and Korean, and found that 
the Chinese and Koreans were superior 
to the Japanese in tests involving lan¬ 
guage but in tile Beta test the superi¬ 
ority of the Japanese is clearly shown. 

Scasliore (13) makes the statcriient 
ill his “Ps^Thology of Musical Talent'': 

''Thus \YO hnd n’lnong chiklviMi those who 
fire slow and sure, alow and orratic, riniclc 
and a lire, quick and erratic, and no oiio 
scripualy expect.'3 these tendencies to be 
altered any more than lie expects the 
leopard to cluing© his spots, These per¬ 
manent peculiaritioa wo call ‘the personal 
equation.' Rcyinort (12) carried out a 
studj" of a scries of reactions of various 
muscle group.'!, to valicln to Seashore's cliiinij 
on the aHsuiT.ptiou that if the personal 
equation oxi.sted, it would inaiiifest itself 
within recognizable limits. His eon elu¬ 
sions were that distinet jiersoiial (?<iua- 
lion for speed exiaLa,'—with the veservn- 


fcion, however, that this personal equation 
is to some extent a ilifforcnt one for i’lstiiii- 
taneouamotor performauces than for motor 
pci’forJnri.ncc.s of n <30iitiiiiioiia ndLiue." 

Other fiiuliiigs, which socin to indi¬ 
cate a “pcvsonul cqualkm'^ are re- 
quoted by Ream (11). In an experi¬ 
ment on tapping rates^, ho hUU-OS that, 

“iCvery individufU ii.a.s lii.s own motor 
aeb-up, one i.s geared slow, and an other 
gciired fast, the chief fae.Uir—is pr<ilnil)ly a 
physiologicalopeimesg of iiorve piifclis wlifcli 
ia inherited. The ext (Muled practice ex- 
pcrimeiiba of this at tidy seemed to indicaUc 
that the teat miaisnvea fniuhnnental hnsio 
al) ill ties aiiico improvcuiont wua, on tln^ 
whole, coiispicuoimly lacking. Tlic infer¬ 
ence ia that the iiiotive neural a(d, un¬ 
doubtedly an important condilioJi of such 
basic ability, U inherited.'’ 

Among oxperiinonta einjiloyiiig but 
one hniul at ii iiino, is a v(*ry exioiiHive 
and painatalcing study b}" AVidhmin 
(14) on the DovelopniiiJit; of Motor 
Coordination in Young Children. 
Some of the reauUs of her sliuly ot 
moU>v coordination are recoviUMl as 
follows: There wove uo sex difiVvoneos 
ill the RCOL’Cs on either test. The 
scores at six yeiiis uotirly doiililod 
those made by the 11in'o-yoar-old 
children. AIoveinenl.H with tlio left 
liaiid wore more didieult (lian niove- 
inents with the right band, uiid (bo 
diffcrciicos with the 2 liuinl.s Ix'came 
greater as age increased. Childivn 
who made more accuralo iiiovcMnords 
with the right hand, than ulhor.s in I ho 
group, also inado more acenraU? inovo- 
ineiils with the loft hand. 

As early ixa 1SI)2 Bryan (.1) invonled 
a very eomplionled Irncing-boiml 
Yv'Uich he used to (ionsiderable oxteul. 
Among the couelusiuns Iw reiudn'd 
was that the uinxiuial rate nf move- 
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mcnt probably tuniiBbes a teat of tbo 
gciioral condition of the central ner¬ 
vous aystetn, of tlic nerve centers by 
which the innsclca involved in the 
movement arc controlled. He esti- 
maied that the rate of the child of six 
years wns two thirds the rate of tlio 
youth of sixteen. Girls cxcell boys at 
thirteen years but are inferior at all 
other ages. 

riionnEM, TESTa, and ennccTioN ov 
HTJllJECTS 

IDining the teaching and eupevvia- 
ing of art in schools in California some 
years ago, I found, especially in the low 
elementary grades, little clifficiilty in 
inlRi’estiiig both Italian and Mexican 
children in the subject of clay model¬ 
ing and other hand work, such as 
basketry. Moreover Mexican chih 
dren seemed unusually deft in han¬ 
dling clay and frequently turned out 
much more interesting results than 
did American cliildrcn. 

Later, in giving Binet tests to mixed 
groups, I found that the California 
Spanish, Mexican, and Italian chil¬ 
dren HcUlom failed on aueh tests as the 
tying of a bow, and the discrimina- 
linn of weights, while the American 
children often failed to score a plus 
on those tests. Whether these differ¬ 
ences are chaTico, ejivironinental or real 
difTcreiiccs in ability is a problem upon 
wiiich little coiicliisivo experimental 
work has been done. 

The purpose of this irivcstigation is 
to study the results of certain manual 
processes given to gi'oupa of American 
and Latin clnldcn with the hope that 
it may throw some light upon the 
question as to whether there arc racial 
differences ii\ bi-mnnual ability or 


whether it is a traditional attitudo 
with some persons to expect Italian 
and Mexican children to be more 
gifted manually than American chil¬ 
dren. 

iSelectaon of tests 

The testa in this study do not in any 
way represent a scale of performance 
tests, such as the Pintner-Paterson 
scale. Although the 11 tests used do 
not all require the actual use of both 
the right and left hand, the tests have 
been BO arranged that the activity or 
passivity of tho left hand was ahvays 
observed and noted. The chief 
thought was to choose tests that would 
be simple and thug avoid discouraging 
young children, ranging from four 
years, nine months to seven years, 
nine months. Another consideratiou 
was to find testa that would, contain 
somewhat familiar processes and would 
bo attractive; and it was necessary to 
make a selection that would, require 
only the simplest directions in order 
to be ceYtuin that the foreign children 
understood the requirements; more¬ 
over the desirability of arranging a 
group that could easily be completed 
in one hour or less to avoid fatigue and 
its consequent inertia and loss of in¬ 
terest was paramount. 

As it seemed desirable to have some 
definite method of getting at the men¬ 
tal status of the subject, and ns it 
would have consumed too much time 
to give each one a Binet test, two 
tests were finally decided upon; one 
was the Goodenough (3) test of ''The 
Measurement of Intelligence by 
Drawings/^ the other was a set of 
picture puzzles based upon Bokso- 
limo'H ‘^profile method/' which ac- 
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cording to Johnson (S), Rosaolimo 
designated ns a test in the ‘'capacity 
to combine,” 

iipe and race groujps 

The ages of five, six, and seven were 
cliuscn because it was desirable to se¬ 
lect children who had been given little 
instruction in manual processes. Those 
ages could be easily obtained in the 
public schools. The average ages 
were as follows: Baltimore Amcrieans, 
0 years 6.6 months; San Diego Ameri¬ 
cana, 5 years 7,5 months; Sicilians, 
7 years 1.1 months; Mexicans, 6 years 
2.8 months. 

Social Biaius 

The Italian children studied were all 
Sicilians, found in a city school of 
Baltimore which was entirely made up 
of Siciliana, The neighborhood was 
dirty and ill-keph Tha scliool also 
was in harmony with the district, with 
its small, dusty, windswept yard: but 
it had a corps of enthusiastic teachers; 
women who were studying their dis¬ 
trict conditions and endeavoring to 
better them. The school nurse had 
gained the confidence of these aus¬ 
picious and superstitious people, and 
was doing excellent work with mothers 
in inducing them to allow corrective 
and preventive work to be done. 
Nearly all the children were wearing 
various amulets around their necks, 
and one child was Avearing the same 
dress for a year, without having it 
washed, because the gi’findmother had 
promised that she Avoiild, if her younger 
sister lived through a severe illness. 
The children looked iindcrnourislied, 
many with obvious ph 3 ^sical defects, 
This group was by far the IoavcsI type 


group studied, and could not compare 
even with the poorest of the Mexican 
or San Diego American group. 

The determination of what con¬ 
stituted an American child was based 
upon the fact that the parents, and, 
ns far as I Avaa able bo determine, the 
grandparents were born in America, 
A group of 52 American ehiklren in 
one of the most exclusive icskdeutial 
districts of Baltimore Avua irsted, 
Theiv school was noAV, beautifully 
equipped Avith every modern conven¬ 
ience to do an advanced type of school 
Avork, The cliilclrcu in the kinder¬ 
garten changed to tcnni.s-shoes on 
coming in doors, and all aa'ci'q taught 
to tie their own shoo-.strings, so llieir 
score on this bow-knot test was high. 
Because of the very dilTorent social 
status and environment of this group 
in comparison Avith the Sicilians and 
MoxlcanSy I uf^ed another Aworh 
can group, Avliose school and home 
conditions were move nearly compiu- 
able for correlations Avitli the foreign 
groups. 

The other group of Arnoricaii cliil- 
dron Ava« selected from tlie same school 
that the IMcxicans caino from, and 
were children living in the same neigh¬ 
borhood as the Mexicans, and in com¬ 
parable limitations of income and 
housing. The average age of (bis 
American group Avas 5 years 7.6 
months, Avhile the avei'iige ago of the 
Baltimore group AVas G years 0.2 
months. In none of these studies did 
I find any group living in (lie squalor 
and poor housing that I found (he 
Sicilians living in. Not Umt such con¬ 
ditions for other nationuUties posisihly 
could nob be found, hut, liAMiig for Llu' 
Mexicans, for inslnnce, in Soniliorn 
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CiiUfoniiii do(;s noli ofTcr tho problem 
of ovor-crowded ciiios and laclc of 
space and the clo-diig of ho uses to 
fresh air in winter, that such ii city ns 
Baltimore on'ors, However, Goode- 
uouj^h (2), ill comiiuring tho living 
conditions of Chinese and Japanese in 
California Avith iLnlians, states that 
social luoBsurc of "race picjuclicc^’ 
is often urged us n reason for the segre¬ 
gation of certain racial groupa within 
poorer noighhorhoods; but. that 

"it whovvhl he icnwn\hiiTPd i\\\\i while vucinl 
prejudice 111113 ^ brins about segrogatioii, the 
nliaractor of the neigliborhooda tlma sot o(T 
iti pi'hiM\i'ily ilependent \\\m\ the pco))le Uv- 
ing ill them. It iw doiibtTiil Avhethcr oven 
the Houthern Negro has more to contend 
with in the way of IhiEi pTojniUcc than tho 
Cljiiipiip or Ja pa near- in California; yet the 
contrast between the typical Oriental 
neighV.)Ovhood and the Ualinn (or Negro) 
district is marked. Poverty there may bo, 
hut the squalor which is chanictcristic of 
Lhe iVahan (ami the Negro) see lions is 
larliiiig." 

The Moxiciin children wci'c all the 
ih'sl goneriLlion borji in the United 
Stales. Tho group of Mexicans rop- 
resonlcd in Lliis study was tested 
in one of the Sun l )iogo Public Schools, 
loealed in w. Moxieun districir, while a 
few were tiihoii from )vindcrg!U’tcn.s in 
Sfuitii llurbaru. In encli class, lum- 
cver, (lie entire group of five, six, mid 
seven year old cluldreii was examined. 
'I'lie Stm Diego school building was 
very mucli like the one in Baltimore 
where the Sicilians wore housed, but 
it Avas augnienLed by inaiiy bniigaloAva 
in tho school yard. In lliese were 
held tho lower primary niul kinder¬ 
garten classes. The yard was inade- 
quiite in size and eipiipmenl, but 
beeau.se of llie mild clinmle, all tho 


physical exercises Avero done out of 
doors, as avcU as many class recitations 
and activities. 

The numbers in the groups tested 
are nearly equal: Sicilians bo, Mexi¬ 
cans 53, San Diego Americans 50, luid 
Baltimore Americans 52. The sexes 
are unequally divided, for it seemed ii 
loss selective meLliod to take all Ihe 
children of tho three age-groups in the 
classCvS, than to take the same number 
of girls iA.s boys. So the groups run: 
Sicilian boys 2^.1, girls 31; Mexican 
boj^s 18, girls 35; San Diego American 
boys 22, girls 28; Baltimore American 
boys 2(), girls 26. 

OllDBll OF TESTS 

Careful consideration was given to 
the order of presenting the tests; since 
the serioB took an hour to give, fatigue 
and loss of interest had to be avoided. 

The following order was finally de¬ 
cided upon as it seemed to offer tho 
maximum of variety in those to be 
performed Avhilc standing and tho.se 
performed sitting: 


Peg board. fitanding 

DraAviiig of man. fiittiiig 

Tying of bow.sitting 

Goddard formboiird. stiuuliiig 

Nut and bolt.. aiLLing 

Buttoning of bolt in back.,.. standing 

Peg board in colors. Htandiiig 

Threading of needles. sitting 

Motor coordination. sitting 

Picture puzzles. sitting 

Stringing buttons. sitting 


DHMVING OF A MAN 

For the Goodenough Drawing Lest 
the child Avas given a D hy 12 inch 
sheet of dniAving paper and a large 
soft pencil; the directions were ns 
folloAvs: ^'Gn ihi.s paper I want you to 
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TABLE I 

I,Q. score in the of the drawing of a man 


- 





C.A. 

M.A. 

1 I-Q. 


Mexican 


Boya 


1 

6-3 

6-3 

110 

2 

6-4 

6-6 

122 

3 

5-4 

6-4) 

99 

4 

6-4 

5-6 

10^ 

5 

5-7 

4^9 

85 

6 

6-11 

8-3 

140 

7 

6-0 

0-9 

102 

8 

6-0 

7-3 

121 

0 

0-1 

7-9 

127 

10 

6-1 

1 0-9 

111 

11 

0-5 

6-3 

97 

12 

0-6 

5-6 

02 

13 

6-7 

6-9 1 

6B 

14 

6-7 

10-0 

147 

15 

Q-B 

6-9 

101 

Ifl 

7-0 

7-0 

100 

17 

7-0 

9-6 

135 

10 

7-1 

7-6 

105 


Girlfl' 


1 

4-0 

6-0 

126 

2 

4-10 

6-3 

10'8 

3 

5-0 

6-0 

120 

4 

5-0 

5-0 

115 

5 

5-0 

5-3 

105 

3 

6-0 

r>-o 

120 

7 

5-0 

6-3 

125 

a 

6-2 

6-0 

116 

9 

6-3 

0-9 

)28 

10 

5-3 

6-9 

109 

11 

6-4 

0-9 

' 126 

12 

5-5 

1 7-3 

134 

13 

5-7 

6-3 1 

94 

14 

5-8 

7-0 

123 

15 

5-fl 

7-6 

133 

16 

5-0 

7-3 

126 


5-0 

5-3 

91 

18 

5-11 

6-0 

114 

19 

5-11 

6-0 

101 

20 

5-11 

7-6 

127 

21 

5-11 

6-9 

114 

23 

5-11 

5-0 

85 

23 

6^ 

6-6 

108 

24 

1 fr-0 

1 6-6 

108 


1 

C.A. 

M.A. 1 

l.Q. 

Mexican—Cone luded 



Girlfl — Concludevl 


25 

6-1 

7-3 

110 

26 

6-2 

B-3 

85 

27 

(yA 

10-0 

170 

28 

6-7 

7-3 

111 

29 

6-7 

7-0 

100 

30 

0-7 

6-0 

92 

31 

6-9 

0-0 

140 

32 

0-11 

5-3 

70 

33 

7-0 

6-6 

93 

34 

7-6 

0-0 

87 

35 

7-0 

7-0 

03 


Sicilian 



li'ioyB 


1 

4-10 

0-0 

123 

2 

6-6 

7-0 

128 

3 

5-9 

0-0 

112 

4 

6-1 

8-9 

143 

5 

0-6 

6^ 

73 

6 

0-5 

5-3 

82 

7 

0-5 

6-3 

97 

B 

0-6 

7-0 

120 

9 

0-7 

5-0 

70 

10 

6-7 

0-3 

05 

11 

6-7 

0-D 

102 

12 

6-7 

5-0 

84 

13 

6-7 

7-3 

110 

14 

0-7 

5-0 

87 

15 

0-10 

7-G 

110 

10 

7-0 

5~9 

82 

17 

7-0 

G-D 

82 

]8 

7-1 

6-G 

78 

10 

7-1 

5-3 

74 

20 

7-2 

7-3 

101 

21 

7-2 

0-0 

125 

22 

7-3 

0-6 

89 

23 

7-3 

a-G 

no 

24 

7-3 

6-0 

00 


Girls 


1 

4-6 

5-0 

111 

2 

5-3 

5-D 

105 

3 

5-7 

7-0 

125 

4 

5-9 

7-0 

123 

5 

5-9 

5-0 

100 
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TABLli: l-CunJiriiwJ 



G,A. 

M*A. 

1-Q. 

Sicilian-- 

Concluded 


Girla —Concluded 



0 

6-9 

0-0 

113 

7 

6-0 

7-0 

135 

8 

5-0 

6-0 

lOi 

G 

5-10 

6-0 

103 

10 

6-10 

6-3 

107 

U 

6-10 

5 0 

98 

12 

6-3 

6-0 

107 

13 

0-3 

7-0 

120 

14 

0-4 

0-0 

102 

15 

6-4 

7-0 

110 

10 

0-6 

lO-O 

155 

17 

0-7 

0 0 

80 

18 

0-7 


00 

19 

6-0 

ly-S 

78 

20 

0-10 

6 - f ) 

98 

21 

7-0 

7-0 

100 

22 1 

7-0 

7-3 

104 

23 

0-7 

0-0 

02 

24 

6-8 

5-9 

86 

25 

7-0 

6-0 

BQ 

20 

7-1 

6-9 

05 

27 

7-1 

6-0 

78 

28 

7-3 

0-0 

80 

20 

7-4 

9 -D 

122 

30 

7-4 

7-0 

102 

31 

0-8 

0-3 

94 


6 'aH Diego American 


13oyH 


1 

4-11 

G-3 

120 

2 

5-0 

6-0 

100 

3 

6-2 

4-0 

87 

4 

6-4 

5-4 

100 

6 

5-4 

5-3 

oa 

6 

5-4 

5-0 

107 

7 

G-1 

5-0 

93 

8 

5-4 

5-9 

107 

9 

5-7 

5~3 

94 

10 

5-3 

4-9 , 

84 

11 

6-9 

4-9 

83 

12 

5-11 

0-C 

no 

13 

5-10 

0-0 

103 

14 

0-0 

0-9 

lOlJ 

15 

6-1 

0-9 

111 

16 

6-5 

5-9 

OQ 


C,A. 


M.A. 


r.Q. 


Diego American —Co7icht(lccl 


Boy a —Concluded 


17 

0-7 

7-0 

100 

18 

6-7 

6-6 

09 

10 

6-9 

6-6 

90 

20 

6-0 

7-0 

103 

21 

6-10 

4^9 

70 

22 

7-1 

6-6 

93 


Girla 


1 

4-6 

6-6 

122 

2 

4 r -7 

6-0 

130 

3 

4-10 

4-3 

87 

4 

5-0 

5-3 

105 

5 

6-0 

6-3 

125 

6 

6-2 

4 -G 

87 

7 

6-2 

6-3 

101 

8 

5-3 

0-3 

119 

9 

6-3 

0-0 

lU 

10 

5-4 

6-0 

107 

11 

6-6 

6-0 

120 

12 

6-6 

5-6 

100 

13 

5-0 

7-3 

133 

14 

5-7 

7-6 

135 

16 

5-8 

5-0 

38 

16 

5-9 

5-0 

00 

17 

6-9 ' 

6-9 

117 

18 

6-9 

4-6 

79 

19 

5-11 

6-0 

03 

20 

0-0 

7-3 

121 

21 

0-0 

4 -fl 

75 

22 

6-6 

6-9 

112 

23 

0-2 

6-6 

DO 

24 

0-2 

5-3 

85 

26 

0-4 

7-0 

no 

20 

6-8 

6-9 

101 

27 

0-0 

6-6 

90 

28 

7-1 

5-6 

7 B 


Baltimore American 



Boys 


1 

6-5 

3-9 

09 

2 

5-6 

5-0 

100 

3 

5-7 

5-6 

98 

4 

5-7 

7-0 

125 

5 

5-7 

8-0 

113 

6 

5-9 

6-6 

U2 





Lamb: Bi-Manual Dexterity of Cliildron 211 


TAB LIU I —Concluded 



Baltimore Avierican—Concluded 


BoyB^Conchided 


7 

5-9 

1 6—0 

117 

B 

5-11 

1 7-9 

131 

G 

6-0 

' T-a 

125 

10 

0-2 

1 6-0 

97 

11 

0-3 

7-0 

112 

12 

0-3 

0-3 

100 

13 

6-4 

' 0-0 

95 

14 

0-5 

5-9 

80 

15 

fl-ti 

6-0 

OO 

10 

6-9 

1 4-0 

00 

17 

6-0 

0-0 

06 

16 

fl -9 

6-0 

06 

19 

6-0 

6-6 

81 

20 

6-0 

' 0-0 

100 

21 

6-10 

6-3 

01 

22 

6-11 

1 6-9 

07 

23 

7-1 

1 5-0 

78 

24 

7-3 

0-0 

83 

25 

7-3 

8-0 

110 

2 G 

1 

ft -9 

01 


Girls 


1 

5-1 

5-3 

102 

2 

6-3 

7-0 

147 

3 

5-4 


113 

4 1 

B -5 

6-3 

97 

5 

5-7 

7-0 

126 

0 

1 5-7 

0-0 

108 

7 

1 6-8 

8-^0 

135 

fi 

5-10 

0-0 

111 

9 

' 6 -ii 

10-0 

170 

10 

1 0-0 

0-3 

104 

11 

1 0 -€ 

7-9 

128 

12 

1 6-0 

0-0 

100 

13 

6-3 

6-6 

lOd 

U 

1 

0-9 

102 

16 

\ 6-8 

0-0 

00 

10 

6-9 

6-0 

80 

17 

6-0 

C -0 

flO 

18 

6-10 

7-0 

103 

19 

1 7-0 

0 -G 

03 

20 

7-1 

0-6 

02 

21 

1 7-2 

8-3 

143 

22 

7-4 

fl-G 

8 S 

23 

7-7 

7-0 

98 

24 

7 -H 

y -0 

iir 

25 

7-9 

11-0 

142 

20 

7-2 

S -3 

115 


make a picture of a iniiii. Make the 
very be^b picbuie that you can. Take 
your time and work carofiilly.” 

Some of the children had to be eii- 
cournged to make ii start but not a 
child refused to make the drawing. 
Many of the Amcricau cliilclrcii chatted 
all the time diey were drawing, n«Til¬ 
ing each part as they put it in. Tliis 
chatting was not so voluble with the 
foreign cliilcircn, although tlicy com¬ 
mented on an item now and then, 

Over 77 per cent of tho total tcyt 
of the Drawing of a Man by the 53 
Mexican children gave a higher mental 
age than the chronological age of the 
child; 58 per cent of the SicilianSj 
56 jior cent of the San Diego Ainorjcniia 
and GO per cent of the Baltimoro 
American group. 

The drawings nindo by the Sicilian 
grouj) were unlike those of the otlier 
groups in that they contained much 
more anatoJihcal detail. Very often 
a circle or cUpsc across the middle of 
the triiiilc was ‘^tlie belly." Tlie navel 
was often represented. Those draw¬ 
ings woi’C^ on the whole more drumntic 
than those of the other groups. The 
man woviltl be runuing, ov raking, or 
smoJciug, OT even shooting. One man 
had a large pistol ia his pocket. The 
fact that they were drawing “a iniiiV' 
was evidently seldom icjncjnborod l)y 
any of the children, for when they 
clothed hiin, he was just as liable to be 
wearing a dress as coat and pants. 
The incongruities seemed to he im- 
recognized by most of t)m children: 
the fact that the man was wearing 
nothing bub a tic or hat with no other 
clothing received no consideration- 

It ia a notable fact that the diher- 
cnce in social waUis and type of euvi- 
romnontor blie.sogroupNLSclearly shown 
by the comparison of the drawings nf 
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tliG Sicilian group, who canie from 
very poor and ignorant liojncs, with 
the drawings of the American group 
sUulied in Baltimore- In the latter 
group more clothing ia shown, and auch 
things Lia golf-sticks and canes and 
iimbrcllns were depicted. One draw¬ 
ing is of a •'Pilgrim.'^ In not one is 
the stomach drawn nor the navel. In 
the drawings of the Sicilian children 
lower show clothing, and when the 
man carries something, it ia usually a 
gun. One child, when he was finish¬ 
ing, put a vertical and horizontal line 
across the trunk; wlion asked what it 
waa ho said, “The cross of Jesus."' An¬ 
other child, after finishing the drawing 
of the mnu, drew a Bcrics of vertical 
lines in the space to one aide, I asked 
what that was, and he said, “Macaroni 
for the man to eat," 

One Mexican child drew a man with 
six fuigcTB, a line out from each fuigci* 
and a circle on the endj this wna a 
“balloon man."' Such coininenta aa 
“lie/a running,"' “hc'a shooting a gun,"’ 
would come from the foreign children, 
but the Anicrienn children often told a 
whole story about their drawings aa 
tlicy progressed. Only a few chil¬ 
dren, in any of the groups, drew profile; 
almost all were front view. In a few 
cases the children drew the man up¬ 
side-down through-out the entire test, 
bub in all cases, when they had finished 
they turned the drawing around to the 
correct position. Quite a number 
began with the legs instead of the 
head. 

In over two hundred drawings only 
one could bo said to sliow wdiat Good- 
noiigli (3) tenna "flight of ideas."" 
The arniH and hands were like feather 
duHtors and were huge aa compared 


with the size of the rest of the figure. 
The feet were like lily-pads with lines 
like the veins of tho leaves, running 
out from where the legs form the feet. 
The head was mostly hair. Tiiis 
child was five years, four months old, 
and was considered a great problem 
in school. She showed little ability 
to give attention and was erratic and 
unable to follow directions. Tho 
mother was much troubled about her, 
but the mother also showed a liigli 
degree of nervous tension, was very 
anxious and extremely talkative. 

The only other drawing that was 
unusual was done by a boy of five 
years, five months. This consisted of 
an oblong with 2 circular soriljbles in 
the right half, joined to another small 
oblong. When asked what these were, 
ho aaid, “Eyes, mouth, nose, big 
fccts."" The ^'big feet’" wore the sides 
of tho Bmallcr obloug. Tlus drawluft 
does not come into the class showing 
indications of paycliopathy, however, 
but simply shows umisual immaturity. 
He was a tiny, very babyish child in 
looks and in s])ecch and made a mental 
age by the drawing test of three years, 
nine months. Both these children 
wore in the socially highest-typo 
group. 

Lejt hand 

After the drawing of a man was 
completed with the right hand (only 
3 preferred the left hand) then tlic 
picture of a man was drawn with the 
left hand. Many of the children did 
not hesitate, but put tlm pencil into 
the left hand and ►started drawing at 
once, but others said “I can"t;'" (jnc 
child said, “Pll make a funny num." 
For many of the cliildren the cliaiige 
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wns so awlcward that they had to make 
a great effort to do it. One child put 
his tongue in his cheek, several 
'^chewed their tongues." There were 
a number of children Tvho appeared 
to use the left hand as easily as the 
right. They showed fairly good mo¬ 
tor-control; the lines were firm and the 
joining of lines good. 

In most of the cases where the use 
of the left hand seemed so difficult, 
the right hand would go over to the 
left again and again to help, especially 
when it came to the drawing of the 
features and other details. Without 
BGcming to realize it, the child fre¬ 
quently changed the pencil back to 
the right hand. For the most part, 
those who found the left hand draw¬ 
ing difficult would hold the pencil with 
fingers far back from the point, or 
would hold it with a fist-like grip and 
press down hard upon the paper. 

There were children who appeared 
Lo be ambidextrous and who seemed to 
enjoy using the left hand. One of 
these children, when making the first 
drawing, would use the right hand to 
work on the right side and would 
change the pencil to his left hand 
when drawing the details of the op¬ 
posite side of the picture. In most 
cases the use of the pencil for drawing 
with the left hand ^vas difficult. The 
position of the hand in holding the 
pencil w^as awkward and the motor- 
control much poorer than when the 
right hand was used. The opposite 
was true for two of the children who 
were left-handed. 

picTuniu puzzTjEs 

The picture puzzle test was placed 
ns the eleventh in the last of perform¬ 


ance tests, but since it was based upon 
the Rossoliino test that was de.signcd 
to measure iiieutal capacity the dis¬ 
cussion of it is given here in order to 
compare it with the staanclardizod test 
of Goodcuough (3). This test has not 
been standardized, nor are there norms 
for the Hossolimo. 

This test coiisiftts of a graded series 
of 10 pictures G by 6 inches done in 
water-color, moiiiiLcd on fourply ve¬ 
neer, sliclhiced and cut. The subjccla 
are similar to the Itossolimo serio .«5 Inib 
substitutions have been made for the 
5 familiar objects that aocmed la the 
writer to be more attractive to young 
children than Itossolimo’s, and the 
5 geometric figures that are black on a 
white ground in the llosaolimo, Jiavc 
been changed to color. The circle is 
red; the square, orange; the oval, 
purple; the snake-like design, two 
tones of green; and the star, two tones 
of blue. As the Rossoliino series is 
copied in water-color and llio while 
water-color paper soils so quickly the 
substitute set is protected by slicllac. 
Otherwise one act of dissected pictures 
might not have lasted through the ex¬ 
periment. This process has aoine- 
what changed the characlCM' of tlie 
color, yellowing the whiles, niul mel¬ 
lowing the brilliancy of the colors. 
It is just possible that had picture viir- 
nisli been used there would have been 
a little less change in the color. The 
10 pictures arc cut in tlie same shapes 
as those of the TlassoUmo series. 

The five that have boon cluuigod as 
to subject are shown in the accom¬ 
panying pholograph,s. i'or the geo¬ 
metric figures sec Johnson (7). 

One reason for pulling lln« scric.s 
toward the end of iVie gainiil of torsis 
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^Viia the thought that the performance 
tooJc a much longer time than any 
other single test and that it might be 
discouraging if given toward the be¬ 
ginning. Then, too, the child tested 
would be better acquainted with the 
DXtiiniucr and more at ease, and bo 
woVIId lie likely to make a better pro- 


Wtts kept with a stop-watchj 3 minutes 
being the limit of time allowed for 
each picture. 

The method of proceduroj was simi¬ 
lar to Johnson's in stopping tlic test 
after 2 Bucceasive failures were made. 
In a few cases ehc allowed the child to 
try other pictures after 2 failures, but 


TAMLE a 


Scatter o/failurcft in piclnre puzzle test 


I'UZZLK 
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longed response. I']xperience with 
these 212 children makes jne conclude 
that this WEIS probably a wise decision. 

Procedure 

The pieces of the pictures were 
pluccd in the same order for presentu- 
lion as that given by Johnson (G) but 
the instructions were slightly changed, 
and were as follows: '"This is ii picture 
that lias been cut into aeveral pieces, 
see if you can put it together again to 
make a picture." TJic time record 


ishc states that in no caso was the 
attempt successful. 

With the series of pictures sub¬ 
stituted in this experiment for those of 
the Rossolimo series, all the children 
were allowed to try all of the pictures, 
stopping the trial at the tlircc-ininutc 
tiinedimit for each picture. The find¬ 
ings differed from Johnson's in the 
matter of svicccssful scores after 2 
successive fiuUii'e>Sj which Leads to Llic 
question as to whnthor the series used 
in this study is as well graded as llie 
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Uossolimo eeriea. With this possi- 
bility* 01' perhapg probability, in mind, 
the method of scoring was changed- 
Instead of considering the score to be 
the ^'number designating the place 
in the series of the final picture which 
ia correctly solved/’ (after 2 succes¬ 
sive failures), the aggregate of all the 
correctly solved pictures was used as 


In tabic 3 allowing the distribution 
of scores, the Mexiciiii group is far in 
advance of all the other groups in the 
number of high scores, the aggregate 
being 8 for score 9, and 1 for score 10, 
Neither the Siui Diego American 
group nor bhe Sicilmu group Imd a 
score of 10; the Baltimore American 
group shows one such score. 


tadle 3 


Dislvibulion of ^ncture puzzle scores 
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Total. 

29 , 

14 

32 

17 

IS 

24 

10 , 

23 1 

0 , 

17 1 

2 

12 

Avci'n-gc ..1 

0.7 

6.0 1 

6.1 1 

5,7 

7.8 1 

5.9 

7.9 

6.8 

a.3 

0,5 

7.0 j 

7.3 


lliG score. This lowers the score in 
some cases where the final result 
showed much scattering. 

The scores given in table 2 show the 
extent of scattering. Although the 
burden of failures is found on puzzles 
9 and 10, yet it also shows that quite 
a number of individuals succeeded 
with picture 10 who failed with 9. As 
picture 9 ia one of the substitutions 
for the Uossolimo pictures, it may be 
that the one used in this study presents 
more difficulties than number 9 of the 
Rosaolimo series. 


It was notable Uiroughoub thi.s iost 
that during the first of the scries, wlierc 
the picture was relatively simple for 
most of the children the stimulus- 
pattern was the picture represented, 
but as the picture became more com¬ 
plicated, they began to work to fib 
shape rather than design. 

In the case of tlic jMexican boy who 
had a score of 10, picture-design was 
his motive Lhi-oughout. In puy/zlc 9, 
he said, “This is a house and it's ncav 
the water.” In the star he system¬ 
atically put the corner squares to- 
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gotlior, making tlic design match; 
llioji he put tile four .squares together, 
dearly showing tliat the picture pat¬ 
tern was what he was working for. 
One little girl who also worked for de¬ 
sign throughout said, '*The sky is at 
the bottom oC the picture, too;*' refer¬ 
ring to the reflection of the sunset in 
the water. Many of the children in 
doing the star-puzzle seemed to work 
for palterii, but were satisfied with a 
very iiTOgiilar pieturc-pattorn result, 
Sonio of the younger ohildrcn showed 
the tendency that Johnson (6) reports; 
In jnitting the third picture togelhei’, 
they would put the pieces in a row and 
Bay *'Babyj'* or perhaps they got three 
pieces together correctly, then put the 
fourth in in whatever way it happened 
to lie oil tile table, and were satisfied 
with the result. 

When the San Diego groups were 
examined it was near Easter, and many 
of the children at once said, an 
Easter egg” when they correctly 
solved the piizzlo with the oval pat¬ 
tern, The miijority of the children 
named the pattern as soon as they had 
the pieces put together correctly. The 
red circle was usually called “a red 
apxilo/' Twice the orange square was 
called a ‘*liaiulkerchiefby girls. 
Some of tlic children would get pieces 
together correctly, not recognize the 
fact and pull them apart again. This 
was especially true of the snake-like 
pattern. One little girl who failed 
on this test said, **That is a hard one, 
looks like a round snake.” One child 
said of the oval, iiicoiTCctly assembled, 
”It's a wntcr-bottlc.” One boy who 
had a score of 4, never did seem to get 
the real idea of assembling for a pat¬ 
tern. He shoved the pieces nrouiul 


with no apparent idea of wlmt he was 
working for. This was a San Diego 
American boy. It was surprising at 
times how satisfied a child would be 
with a perfectly incongruous and irreg¬ 
ular grouping. One unsuccessful little 
girl of the Baltimore American group 
said, “Gosh, I think this is fun!” 
There were some who, aftersthe fust 
one, used a “trial and error" method 
throughout the test. One of the 
Sicilian group made a score of 9, using 
this method, 

PLUN TEQ BQATID 

The first test given wa.s a peg board, 
This board is of varnished maple, with 
pegs to match. The size is 12 by 12 
iuchCvS with 36 half-inch holes, G on n 
side, equidistant, leaving a margin of 

inches. The pegs are 9 inches long 
and inches in diameter, with the 
edges of both ends beveled to prevent 
the peg from chipping and fi om being 
difficult to slip into the hole. 

The pegs were in a shallow pan at 
the right of the board (at tlie left, if 
the child wore leit-handcd). The 
table was low, so the child looked down 
upon the board as he stood iu front 
of it, 

The directions were: “Put your Jeft 
hand (indicating it) on the lower corner 
of the board, and with the other hnncl 
put all these pegs in these holes just 
as fast Qs you can, picking up only one 
peg at a time. Heady, go!” The 
time was kept with a stop^wiiteli* 

Most of the children began to put 
in rows of pegs beginning at the right 
aide, and either put the pegs iu rows 
from front to back or from baeJv to 
front; but some worked forward iuul 
back all the way across the board in- 
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stciid of starting each new row at the 
front. Few of them had the idea of 
atartiDg at the left side and so avoid 
reaching over those pegs that were 
already placed- Almost every com¬ 
bination of method was employed; 
however, the most frequent was in 
rows from fmnt to back or the re¬ 
verse, with the exception of the Ban 
Diego groups. There were only 2 chil¬ 
dren who used a hit or miss manner. 

The San Diego children, almost 
^vidiout exception, put in all the outer 


being 59 seconds. This was made l)y 
R little girl of seven years, four monUiH 
who made a record of ten years, three 
inontha on the Drawing of a Man and 
a score of nine on the Picture Puzzles. 
However, on the finer codiciinations, 
sucli SIB the threading of needles, she 
was very slow, taking 4 minutes and 
-TO seconds to thread tlic six needles. 
She was left-handed, 

All the children who were left- 
handed were allowed to use that luuul. 
The poorest record was made by a boy 


Mexicans: 

Plain. 

Colored.. 

Siciliana; 

Plain. -... 

Colored. -.. 

San Diego Americans: 

Plum. 

Colored. 

Hftltimoro Americans’ 

Plain. 

Colored. 


TABLE 4 

Average time for peg-hoard 


nova 

PJflLS 

Biin u lea 

Sec-OTidj 

mifjufefl ffcctuityj 

1 

2B 

1 

20 

1 

28 

1 

30 

1 

23 

1 

25 

1 

32 

1 

32 

1 

26 1 

1 

2S 

1 

35 

1 

32 

1 

20 

1 

20 

1 

30 

1 

28 


rows of pegs firstj then filled in the 
center either in concentric squares or 
in rows across, This was the only 
gveup of chikhenwho used this method; 
a very few individuals had done ao» 
In talking with the teachers of this 
group one kindergartener said that in 
their use of the peg board they gener¬ 
ally told the children to put a fence all 
around i-he board first. 

The averages for all the groups 
were very close as is shown in table 4. 

Both the best and the poorest rec¬ 
ords appear in the Baltimore group 
of American children, the best record 


five years, five moiitlis who took 2 
minutes 50 seconds for the test. Ifia 
rating for the Drawing of a Mim gave 
him a mental age of three years, nine 
months and his score in the Picture 
Puzzles was three. His procedure wns 
unlike that of the other childen in that 
several times he picked up a whole 
handful of pegs, and was sufliciontly 
distractable bo leave the board at one 
time to ask if wc were going “to play 
a game with those,” pointing to other 
apparatus. Ho was a tiny, undeveU 
oped child, very babyish in his manner. 

In the other T groups the highest uh 
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well as the lowest records are found 
in the Mexican group, There were 3 
children in this group who took over 
2 miniitca for this test, tlie longest re¬ 
cord being 2 minutes and 26 seconds. 
The shortest record was one minute. 

There was one child who was so 
steady in putting tlie pegs in that her 
reactions were almost rhythmic. It 
was difficult, with some of the five 
year old children to give them an idea 
of speed. One child of four years, 



Fia. 1. IlEL,ATjvji Time Scukeb. Pea[n 
Peg Boaud 

- MiixiciLii; ---Italian; — — 

- S. D. Amoricanj — a — Baltimore 

American. 

seven months stopped to blow her 
nose, another started to tell me about 
her baby brother, and held a peg up 
until she was reminded to hurry. 
Some of the children were prone to 
pick up 2 pegs at a time until reminded 
not, to do so. One child did this every 
time ho thought I was not looking. 
In 2 cases the children had to be 
urged to “go on,’^ a.s they appeared 
to think that after one row was in, the 
test was finished. One child even 
started to take the pegs out. 


Left hand 

All the children who were left- 
handed were allowed to use that hand 
instead of the right hand in these tests, 
in which case the apparatus was ar¬ 
ranged with the same relation to the 
left side of the child as for the right 
side of those who were right-handed. 
There were 3 left-handed children, 2 
Mexicans and 1 Baltimore American. 
One of the former appeared to be ambi¬ 
dextrous, especially when using a pen¬ 
cil. At fii'st, when told to “put the 
left hand on the corner of the board,” 
some of the children would press the 
left hand down hard until they became 
interested enough to forget and relax. 

COLORED PEG BOARD 

Although the Colored Peg Board 
tost is number seven in the list of tests 
as given, the results of that test will be 
given here in order to compare them 
with the results obtained with the 
Plain Peg Board. 

This board is constructed like the 
other peg board with the exception 
that it is painted in three stripes of 
color, one blue, one deep yellow, and 
one green. Each stripe covers twelve 
peg-holes, and the twelve pegs be¬ 
longing in these holes are painted the 
same color as the stripe. 

The directions were: 

“Here is another peg board, just lilto the 
first one, but in 3 colors, with pegs to match: 
the blue pegs go into the blue atripe, (illus¬ 
trate by putting in a blue peg); the yellow 
in the yellow stripe (illustrate); and the 
green pegs in the green stripe (illustrate). 
Put your left luiacl on the corner of the 
board and pick up only one peg at a time. 
Let me aeo how fast you can put these pegs 
in the holes whore they belong. Ready, 
gol” 
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Most of the children greeted the 
second peg board test with seeming 
pleasure, and some would have 
started to put the pegs in before the 
directions were completed if they had 
been permitted. 

The board was so placed with refer¬ 
ence to the child that the blue stripe 
came to the right, the orange in the 
center, and the green to the left. The 
stripes ran at right angles to tlie front 



F[ij. 2. RkIjativic Turn ScoaKfl. Cor^oiiKO 

Pud liOAIlD 

-Mexiciiii; --Tt'iliiin;- 

-S. T). .\tiu>ri(’.ini: —o—e— Haltiinonj 

Amoiicau. 

edge of the tal:)le. The j)aii of ])egs 
was placed at the right of the board 
unless the child were h'ft-liaiKh'.d, 
tlicri both pan and l:>aard were 

Tlie peg.s were Ihoroiiglily ini.xed 
in till' i)an so tlic colors liad to bo 
piekc'd out. This may have been a 
reascni why tlie. i.est took a longer lime 
than 11i(5 plain peg board, for in t.he 
la Her b'st the (ihildrcn who made t he 


best time did not look back at the pan 
of pegs each time, bul, picked up a peg 
without looking. In the case of the 
colors, the peg had to be selected crudi 
time, and, when it came to the last 
two or three of a color, the child would 
perhaps have to hunt for tliein. The 
pan is which the pegs were keiit was 
large enough for all the pegs to lie flat 
without covering each other if they had 
been placed in order, but this was not 
the procedure. 

In over two hundred children testeil, 
not a single child appearctl to be color¬ 
blind, at least as fiu’ ns these' II cf>lors 
(blue, yellow, green) wi're concerned. 
If by chance a child put a peg in tin', 
wrong Btripe he either changed it im¬ 
mediately or wdieii ho found a peg loft 
over of the color Iu5 was filling. One 
child discovered that she had put a 
blue peg in tlie green space and said 
“Do yim know why 1 got ilie Vihie one 
in there? Jlecause my eyes are had.’’ 

The majority of tlie children select,ctl 
one color and filled all opeiiiiig.s there 
first, then took another color. But 
in this, as in Hie plain peg board lest, 
every variety of proceduiC wa.s used. 
One child put one row of each color in 
first; t.hen filled in the sexoiid rows in 
the same ordi'r. Some Iiogan with 
tihe blue and |)\it in rows front to back 
and back to front, unirormly all the 
way across, ('udiiig \vi(li (he green 
jx'g.s. Only one child imt inlo the 
apiiroprialo stripe whatever peg he 
hapfiened to ]>ick u|) witiiout looking. 
About half of the children Hik'd in the 
gret'ii striix' first, thougVi some, of them 
filled llie hlue second iiud yellow last. 

'riu're w('re still ([uile a number who 
foutu! it dillicull, to refrain from pi(!k- 
ing uj) in ore than one peg al a lime. 
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The control of the left luind, as far as 
its reac'hiug over to help the right 
hand was concerned, was niiiek im¬ 
proved ill this test, though it showed 
nuK^li the same activity or relaxation 
that it, showed in the first peg board 
teat. 

The average time in. performing this 
Colored Peg Board test was slightly 
higlw'r than the tim(3 for i.hc Plain Peg 
Board test. Talde 4 shows these 
diffovences. 

With some children the left liaiid 
would leave tlie corner of the board 
and tie di'ainatically held out to the 
side witli tlic (iiigers spread. Never 
was that particulnr manner of holding 
the left liand observed with the Ameri¬ 
can children. This may have been 
chance but it seemed worth noting. 
In a number of enses of Ijoth American 
and foreign children the left hand left 
the board to grasp the dress tightly, or, 
in 2 cases to be licld agniiisl, the stom¬ 
ach or with the fingers spread apart. 
Soniei,iine,s the left hand was taken 
from the corner of the board and the 
edge of the table; grasped. Some of 
the children held tho index finger only 
on the corner of (he boanl. In several 
cases the ctliild started to lake a handful 
of pegs ill the left hand to feed the 
right hand. Tii many eases, mure 
e,specially among the American chil¬ 
dren, (he left hand would cither be 
held in :i relaxed iiosition in the'corner 
of llie board or tlu; child would drop it 
by Ills side, It was notable tliiit the 
more tense positions wei’e shoivn ivlien 
the child appenred conscious of ti'ying 
to go fast. 

TviNG A now-KNcr 
In tlui Stanford Ih;vision of the 
BLiiet-Siinon (esU, Terinan places tlic 


tying of a bow in the seventh year, but 
in this study it was used for all three 
ages represented. The procedure 
differed in 2 points from that given by 
Terman; first, the term “bow-knot,” 
was changed to “bow” as the word knot 
confused the foreign children. Tlie 
second point of difference was that tlie 
bow-knot was not tied around my 
finger, as with very young children 
where there is any shyness to be over¬ 
come, it has been my experience that 
one gets better results if the peiscmal 
element is entirely eliminated, so a 
sticli- was substituted with the model 
on tho same stick. 

There is also a time element in the 
procedure of tying a.round the finger, 
the child may feel more hurried than 
when tying around a stick. The di¬ 
rections were “See, here is a bow; 1 
want you to ttike this string and make 
the same kind of a boiv on this .slick.” 
The. cri deism ma.de by TeniiMii that 
the stick often fell out of the siring 
was not true of the test in this study. 
The slide was large enough (8 indies 
long and 1 indi wide) so the child kept 
it down on the table while lie worited. 

Table 5 shows the distribution. Of 
Rovcn-ycar-olcl Mexicans none; failed; 
of the 19 ,seven-3’'ear-oId Sicilians 4 
failetl; of the 3 scven-ycar-old San 
Diego Americans 2 failed; and of the 
15 sevcn-ycar-nld Baltimore Ameri¬ 
cans 3 failed. The filexicans show 
the lowest percentage of failures. 

Considering the fact that the Baltl- 
morc American children were t.'iuglit 
to tie their shoe-stringR when (hoy 
entered the kindergarten and tho odier 
3 grouiJs were not, it seems that the 
Baltimore Americans showed a high 
ixu'conbige of failui-es. There were 
several types of ftiilure in this iest; 
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some had no idea at all about any 
procedure to accomplish the task, 
others made the first loop, put the 
other string around it but when it 
came to pulling through the second 
loop they put it through the first loop 
instead of the wrapped around string* 
Others laid out 2 loops, 1 for each 
string-end, then picked up the loops 
and tied in a knot. This made a two- 
loop bow that would not pull loose 
easily but was not like the modoh 


failures in each group with the Sun 
Diego Amoi’iciLu group, (tiiis is the 
grou]i used in the correlations), the 
group making the least niunljer of 
failures is the trained Baltimore Anieri- 
can group. The Alexican piu'ccnlages 
arc lower for the six and seven-year- 
olds than the San Diego Americans, 
hut liigher in the six-year-old group 
but the aggregate of ixa-eentagew is 
niudi lower for the Mi’xicnns. The 
same data are found in (he comparison 
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Wlren the children failed and were 
asked, “Don’t you ti(^ your own slioe- 
string.s?’’ the child’s invariable reply 
was “Aty mother does it.” .folinson 
(6) slates that “It was ol^served that 
the Italian children wlio failed almost 
universally in tying a bow-knot, wore 
button shoes and upon inquir.y it \Nais 
ascertained that these childien rarely 
wore shoes with laces.” In observing 
the groups used for this study, some 
of the. failure.^ were inach^ by cluldren 
wearing luilton shoes but Vty no n\eans 
was this universally ti'ue. 

In Comparing the percentage (>f 


of (he vSicilian group witii (he San 
Diego Ainerican group, as for llie 
AlexLcan and San T.^iego American. 
In coioptu’ing the Abixican tiutl Sicilian 
groups, (he hve-year-oUls of Ihe .Mexi¬ 
can group sliow a slighlly higlier jier- 
ccMdagc of failures, but the six-year-old 
grou[) is lowtu- and (he seven-year-old 
group of Ale.xicans has no failures at 
all wluki the Sicilian group l):is .21 per 
cent of failures. 

In lli(! ((‘St of lire lying of a bow (he 
Mi'.xiean group rab's higher (liau any 
1)UL ll\e Ihdliinuia* Aiiu'rieaii gro\ip. 
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segcjin-goddaud foum-Poard 

The fourth test was the Seguin- 
Goddard Form-Boarcl, which is too 
well known to require a description 
here; suffice it to say the standard 
form-board was used. The procedure 
with thc.se young children was to place 
the d piles of forms to the right of the 
hoard and not at the back, because 
the latter presented some difFiculties 
in reaching for the small children. The 
directions were: “See how fast you 
can put these blocks hank in the holes 
vvlierc they belong. Ready, go!" The 
time was kept with a stop-watch. 
There were 3 trials on this test, the 
shortest time of the three was taken 
as the score. 

The average time and median for 
each group was ns follows: 

The above average scores show that 
in this test the Mexican group made 
the shortest time of any of the group,s; 
the longest time being scored by the 
Sicilian group, 


Goddard form-hoard 



AVKll- 

AOIH 



seC’tmdii 


Mexicans; 




29 

1 2B 


, 29 

Sicilians: 


Boys... 

42 

}« 

Girls. 

4S 

San Diego Americuus: 


Boys. 

31 

) 

Girls. 

3t) 

Baltimore Americans; 


Buj'S. 

40 

1 40 

Girls. 

45 




There was no difficulty in securing 
cooperation on 3 trials, for the children 
were sent to me “to piny g{lines," and 


they took this repetition as port of the 
game. At the end of the first trial I 
said: “We do this 3 times to see if we 
can do it faster each time.” In some 
cases the shortest time was made on 
the first trial, but in many of the cases 
on the second trial. At times it 
would seem, in observing the per¬ 
formance in this test, as if the last trial 
was going to prove much shorter, tlien 
perhaps the child would fumVffe in 
putting in the star or cross, or would 



kiQ. 3. IlEiiATivE Time SconBs. Goi>daiw> 
Form Doaud 

-Mexican;-^— Italian;- 

-S. D. American; — o— ®— Baltimore 

American. 

hesitate over the placing of some form 
that had gone in witli no hesitation 
in the other 2 trials, and instead of 
making a shorter time, he would take 
longer for this trial than for either of 
the other two. There was one per¬ 
formance that occurred in a number 
of cases; the child would put the 
blocks in place in the first trial with 
practically no hesitation nor “hover¬ 
ing," but on ihe second trial would 
begin iio hesitate and hold the block 
hoveringly above the board before 
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finding its place. Sometimes iliis re¬ 
sponse was even more pronovinccd 
in the third trial than in the second. 
Yet all the time such a child had the 
apperarance of greater interest oven 
than in the first trial. 

Sometimes a child would drop a 
block on the board, or lay it to one 
side on the board, if ho did Jiot at once 
recognize the place for it, Then it 
would bo placed wlu'n he recognized its 
proper place or would be left, there to 
be put in place after all (ho others vver(> 
in. Many of the children attejnpted 
to put the forma into the wrong 
places. Most of these nust.iikea oc¬ 
curred in forms of aiinilar vsliapea; Forex- 
ample, the ellipse in the circle, or tlie 
dia.mond in the hexagonal space or vice- 
versa. There were some who tried to 
fit into the openings shapes tdiat were 
dis.simiUir, such aa the triangle in I,he 
circle and square in the diamond. A 
few started out with a trial and error 
method, giving no attention to the 
shapes but merely trying the block.s in 
the dilTcrcnt openings until they found 
the right one. This method was not 
employed after the First ti’ial in any of 
these <aises. 

The finst, pcrldrirnmcc was often 
very different from <he other peifonu- 
atices and olTered a luvicli more inter¬ 
esting study, as to the tiii\<‘ eliunenl as 
well as the form perception and qual¬ 
ity of attention .shown. 

Left hand 

In tills test the ciiildri’n were given 
no instructions conci'rning lh<' use of 
the right or left hand, so in .some easiis 
the child ii.sed the left liand as miicli as 
tlu) right hand, aftiu- ihe bloclv.s were 
picked up by the right hand, lii only 


2 cases was it noted lhat <he cliild 
reachc‘(l to pick up the blocks with the 
left liand. The lel’l. hand was .some¬ 
times used to hold a. Itloek for which 
the proper pl.'vce was not imnicdlately 
recognized, and when the place for it 
w.'is roeognized thi.s block would lie 
put in with the left Inind. 

SCKKWINd NU.ITS ON llOl.T.S 

The fiflli te.st was seiTwiug nuts on 
(j bolts, "iriie liolt.s were ‘1 jl inchc.slong 
.and inch in di.'Uoe((‘r with w<iuarc 
luMid and square nut, T'hey w-erc 
tlireaded a.t one end 1;, inches on the 
slial’t. "L'lie nuts were i|- of an inch 
sciuai'e and of an inch (Jiick and had 
lieeii eleaned and slightly oiled when 
they were ne>v, so the nuts would run 
on freely, '^riie bolts were laiti in a 
row, the head end toivivrd the eliild; 
the nuts were in a row, one at the 
thread end of eacli liolt. 

The directions were; “I want to see 
how last you can put all these nuts 
on these bolts, running the nuts on as 
far as they will go, like this." I took 
up a holt and, Jioldiiig it in my lelt 
haiid, started the nut and then ran it 
on a.s fa.st as possible with the Fingers 
of ray rigid: liand, fuit: it down quickly 
and sLarUnl to pick iqi anollier witli- 
out actually doing it. '.riie children 
seemed an.xious to do this test and, 
unless restrained would liave started 
to carry out, the directions before 1 
init. the bi;)lt back. A.s soon as bolt 
.and nut were in ])lace, 1 said, "All 
I'iglit, ready, go!", slaiting (he sFop- 
Wiit.cli :irt soon as boll, and nut \vere 
in llu‘ hands of llU' eliild. 

Tliere was one feature in (his test 
aireeting tlie anmuid of linu' the test 
took tluit \V!is (rue in nearly eveiy case. 
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If a right-handed child kept the bolt 
in his right hand and put the nut on 
with his left hand, almost without ex¬ 
ception, the time for completing the 
task was longer, in some cases very 
much longer than when the nut was 
in the right hand and bolt in the left. 
In the first method the child was apt 
to experience great difficulty in getting 
the nut started, for he would screw 
it the wrong way and sornetiines drop 
it off three and four times; sometimes 
it would drop to the floor. Some 
children would suddenly realize what 
the difficulty was and shift the bolt 
to the other hand. If they did not 
do this they were obliged to screw the 
nut toward them instead of away from 
them. Some children tried to run the 
bolt on against the palm of the left 
hand, but for the most part they labori¬ 
ously turned the nut on little by little. 
Some of the children shifted the posi¬ 
tion of mit and bolt in the hands sev¬ 
eral times during the test. 

A number of the children would hold 
the bolt upright on the table, balance 
the nut on top, then run it on with the 
right hand. The children employed 
a surprising number of different 
methoda of procedure in performing 
this task. Some were very particular, 
in putting the assembled bolt and nut 
down, to lay it straight on the table 
and line the next ones up with it. 
Those who were quickest in the test 
were the ones who held the bolt in the 
left hand and ran the nut on either 
with the palm or fingers of the right 
hand, or very often with only the first 
linger of the right hand. 

Twice one. child changed the direc¬ 
tion of the turning of tlie nut and nearly 
screwed off 2 nuts before he real¬ 


ized the fact. Then, in changing 
from a method of slowly turning the 
nut on, the children would try to run 
it on in the palm of the hand and 
would turn the nut off instead of on. 
Some of the children chattered all the 
time until urged to hurry. A number 
of children who had difficulty getting 
the nut started would change the nut 
for another. One boy said, "Gosh, 
this one sticks, I guess it isn't the 
right one." It was observable that 
most of the children who had any 
difficulty in getting the nut started 
would show a reaction of the mouth, 
either it would be open, or the tongue 
would come out, or be twisted. When¬ 
ever there was difficulty starting, the 
children almost universally tried to 
force the nut on, some pushing as 
hard as possible with the nut quite 
crooked on the end of the bolt. 

Very few of the children retained 
the idea of the necessity for speed; 
once in a while a child would appear 
to try to "go as fast as he could," 
but in only 2 cases was this attitude 
maintained throughout the perform¬ 
ance. The comments of the boys on 
seeing the bolts were; “My father 
has some holts like those." "Wc got 
some of these in our machine." "I 
can do that." "Gee! that’s easy!" 
"I have these in my tricycle." The 
comments of the girls were of quite a 
different character; "None of the kids 
can do things as fast as me.” "Hard 
to do, ain't they?" "Come on here, 
you old nut I" 

The shortest time-score for this 
test was 44 seconds, made by a San 
Diego American girl; the longest time 
was taken by a Sicilian child who took 
5 minutes 40 seconds for the test. 
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The average time for the test is as 
follOTVS! 



AVER’ 

Ans 

TIM 13 

;M INDIAN 




Mexicans; 




107 

1 112 


141 

Sicilians: 


Boys. 

118 

1 125 

Ciivlfl . 

191 

Raltimoic AmeTicans; 


Boys ... 

119 

149 

1 

Givis. 

J 130 

San Diego Americans; 


Boys. 

166 

1157 

j 120 

Crirla . 




The only group in which the girls' 
avei'age was lower than that of the 
boys was the San Diego AnierLean 
group. In this test the average for 
the Mexican boys was lower than the 
boys of any other group and the aver¬ 
age of the Mexican girls lower than the 
girlg of any other group. 

liUTTONING A BELT IN THE BACK 

l^hia was the sixth test find otTcved 
a very interesting set of reactions for 
study. Mile belt was 2 inches wide 
and 34^ inclu’S long, made of plain 
blue calico, with a button y of an inch 
in diameter sewed on one end with 
strong linen thread in sucli a way as 
to leave a shanlc of j of an inch, A 
buttonhole was on the other end of the 
belt, Lg •'^ch long, llirough 

which the button passed with ease. 
When a child was given this test the 
belt was adjusted to his waist size by 
taking a plait in the middle and ihu- 
ning with a safety pin. 

Tlie directions were: “Hold I his 
belt out in front of you like this (illus¬ 
trating the button end in Ihe Icfl, hand 


and Viuttonholo in the right), and 
when I say, ‘Ready, go'.' I want you 
to put it around you and button it 
in the back as t|nicldy as posaiblc," 
(illustrating the action of putting it 
around the waist without buttoning). 
The belt was handed to the child 
with the button end in the left iuind 
and buttonhole in the right, and the 
directions given. 

Although, before starling the tests, 
the children had the explanation given 
them that nearly all the tests were 
timed “with this walich to sec how 
fast 3 mu can do them," and in spite 
of tlie fact that, this method of direc¬ 
tion had been given for previous tests, 
3 of the children, in taking this t(‘st, 
started to run across the room at the 
word “Go!" However, all the others 
followed the directions. If a boy 
had on a heavy sweater it was taken 
off; nr if a little girl’s dress were full 
and loose, a plait was pinned over 
in the front so that it would not get 
in the way. 

Three trials \vere given and the 
shortest time-reimrd for llie flirce 
taken as the score. 

MMio average time for each group 
was as follows; 



AVKU- 
A<J IE 

tiut: 

ueni AM 


jsrrunrfa 


Mcxicaiis: 




G 

\ , 


9 

1 ^ 

Sicilians: 




7 

}' 

Girls . 

7 

BriKiimore Americana; 



Bovs.. 

8 

\ -7 r 

OirlH . 

7 

1 

San Diego Airuiricana: 



ISOVH. 

U 

1 7 

Girls. 

8 

/ ^ 
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The Mexican boys show the shoiiest 
time record, but in the aggregate of 
records lor both boys and girls the 
Sicilians are the lowest and San 
Diego Americans, the highest. 

Some of the children buttoned the 
belt easily in 2 seconds, but others 
took ti long time. One Mexican child 
took a minute on one trial. 

The action of the hands in this test 
was very interesting. The child who 
had the shortest Lime records put his 
first finger thro\igh the buttonhole 
and the button in thumb and finger 
of the left hand when he held the belt 
out in front. The time, scores for the 
3 attempts were niany times very wide 
apart. Sometimes the poorest score 
would be the last attempt. Very often 
the shortest score was the first or 
middle score. When a child was hav¬ 
ing difficulty in getting the belt but¬ 
toned, he would often open hia mouth, 
run out his tongue or shut his mouth 
tight or twist his leg or foot around, 
nearly losing his balance. Some 
grunted and said, “Gee, this is hard." 

The Baltimore American group and 
the Mexican group had t he longest and 
the shortest time-scores. The shortest 
time was 2 seconds. 

THREADING NEEDLES 

The only tests in this series of eleven, 
requiring fairly fine motor coordina¬ 
tions were the threading of nccdle.s 
and the drawing of lines within a cer¬ 
tain path without touching the .sides 
of the path. 

Certainly both of these tests olTer 
very interesting sindy material for 
atca.diiics.s of liiind whicli might form a 
basis, in the writerts estimation, for 
the study of the neural condil ion of the 


child, his general body-vigor, perhaps 
of his temperamental reactions also. 

The 6 needles used in this test were 
the long-eyed needles used for wool 
embroidery and were number 1; the 
thread was linen, number 25. The 
threads were cut about 8 inches long 
and were waxed at both ends; they 
were re-waxed for each child and a 
new set of threads was cut each day, 
so each set was used by only 4 or 5 
children. 

The needles were stuck in a .small 
cushion, and the thread laid in a row 
an the table in front of the child. The 
directions were: “Here are 6 needles 
and G threads; the threads are waxed 
at both ends, so they will go into the 
needles easily. If you .spoil one end 
of the thread you can turn it around 
and use the other end. I want to sec 
how quickly you can thread all these 
needles with these threads, like this." 
(I illustrated by threading a needle 
and dropping it on the table, then 
picked up another needle but did not 
thread it,) Replacing the needles 
and thread, I said, “Ready, go!" A 
etup-watch recorded the time. The 
length of time taken by the children 
in this test depended largely upon 
steadiness of hands, but one other cle¬ 
ment affecting the timR-.sc!ore was 
whether the needle wa.s held in the 
left hand and the thread in the right or 
the reverse. When the needle was 
held in the right hand the scores show 
that the performance took a longer 
time in most instances. The left hand 
showed a gi’eator amount of unsteadi¬ 
ness, and would sometimes give little 
jerks. Tlie only exception to (his ob¬ 
served condition was when the thread 
held statiomiry in the left hand 



CHILD l)KVEJX)PiMENT 


[H.A’i'M II 
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whilG llie ncodlo was put un it. This 
method took a shorter time tlinn when 
tlie child tried to put the thread 
through the eye of the needle wilh the 
left hand. When the needle was held 
in the left hand and the thread put 
through with the right, in most in¬ 
stances the time-record was ahorter. 
Soine of the children had very \iii- 
steady hands, sometimes a contii\uous 
tremor was noticeable and soiiietirnes 
the hands would jerk. This was a 
test in wJiich the left Iiand certainly 
showed poorer motor coordination 
than the right. 

In some cases the child would fail to 
sec that the center part of the long eye 
had a wider opening tlian I,he top or 
bottom, and would make many futile 



Fio. 4. RiiiLATivii; Timij Hcoiuis, Til lie AD- 

INO N13131)LKH 

--—Mexican;-Italian;- 

-S. B. American; —o—e— Baltimore 

American. 

attempts to put the thread (hrough 
where the opening was loo small, ’^hhe 
tirne was also piolongecl when the child 
would split ov Ix'iul one end of Ihe 
thread and had to turn the Ihri'ad 
around and use the other end. 


The shortest, time taken for tins 
test was 20 seconds, found in (he San 
Diego American group: in this group 
is also found the longest lime-record, 
450 seconds. 

The medians for this test appear 
rather high. In the averagea tlic 
San Diego American group makes the 
best record: 



AVXIU 

M EBl A H 


wi-inirli: 


San Anioricanu; 




IIH 

1 10(1 

CJirlH.. 

144 

Siuilians: 


Bnys,..... 

118 

1 

Clii-lB.. ., 

1.'35 

HU 

Mfxii:!iiis', 


Boys. 

l.’tK 

1 114 

(lirly. 

13D 

BH.1 tirn01'e Amlaicans; 



Boyij. 

H.''i 

J 12.6 


Girlii. , , 

126 




MOTOa (^OdliniNATlON 

Another coordination test was given 
using the blanks of the: Ilopkiiis scries 
of coordination tests. Since (lu'y are 
not nunil)crc.(l, a blank i.s insert( mI in 
fiiis test to sliow the size of the design. 
Tlio instruetioji.s wore: "1 wanl. you 
to draw a line in tlie middle of this 
V>a(h as fast ns you can go from (his 
point to this point, Take your pencil 
lliis way and kc('p your arm up from 
the paper.” (I ilhjslrated (he method 
by holding my lU'iicil vertically and 
drawing an imaginary line in tlic p:dli 
all I he way iicross.) Afler t his met hod 
of instruct ion no other dilliculties 
encountered e.vcefjl in (he posh ion 
of holding the pmual, in order to 
till! hiiiiil ii|) from the la.l)ka Thi.s 
jiu.silion was well inainlaiiied if the 
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child were watched and reminded to 
liold Ilia liand up in case he forgot. 

When the cliild's hand was in posi- 
tioHf the signal was given “Ready, go!“ 
The time was kept with a stop-watch. 

Some of the children went slowly in 
order to keep in the middle of the path, 
others, perhaps keeping the time ele¬ 
ment in mind, went fast. Some drew 
the line lightly and ehowed very poor 
coordination, others whose hands 
appeanul just ms unsteady bore down 
heavily on the pencil giving a very 
steady, firm looking result. There 
were some who da,shed along the path 
letting the line strike the sides again 
and again. When this happened in 
the first response, and it appeared that 
he had not really understood the im¬ 
port of the instructions, “in the middle 
of the path,” was repeated. 

The time varied from a record of 
G seconds for a line, up to 21 or 22 
seconda. 

The score was the sum of all the 
contacts with the aides of the path 
found in the 4 designs on the blank. 
The contacts recorded were from 0 to 
!17, and the averages were as follows: 



A-VEri- 

ACIG 

OON- 

TAi^ra 


Baltimore Americana; 


\ 




Me.Kictms: 

Bojb. 

0 

1 

Girla... 

Q 

/ ' 

San Diego Aiiiericiuia: 

Doys. 

(1 

\ 

Cdfla.. 

9 

) ® 

Sieiliaiia: 

Boys.. . , .. 

11 

\ 

Ciii’la.. 

9 




} 


Left hand 

It was very noticeable that when 
the children were making a great 
effort to draw a steady line in the path, 
the left hand would press down heavily 
on the paper. Sometimes when the 
tension was great, in trying to draw the 
line quicldy, the child would hold his 
left hand in a fist on the paper. 


STMKTG BUTTONS 

The last test given in this ,serie,s 
was the stringing of 36 wooden button- 



5. Rklativij Numuku oi*' Contacts. 

Motoh CoOhoination 

-Mexican;-Italian;- 

-S. D. American; —-®—®— Baltimore 

American. 

molds on a round shoe-string. The 
button-molds were circular, flat on 
one side and convex on the other, with 
a hole in the center I inch in diameter, 
so the button slipped easily on the 
string. The string had a knot at one 
end and a tin tip at the other. 

The buttons were placed in a shallow 
pau. The child was given the tip-end 
of the string and the direction.s wore: 
“See how fast you can .string all these 
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buttons on this siring picking up only 
one at a time. Heady, go!" 

The children who had been in the 
kindergarten were very familiar with 
this performance and that fact doubt¬ 
less had some effect upon the scores ob¬ 
tained. Many seemed to take the 
attitude of settling back and taking it 
easy. A number of the children 
chattered about home, brolhcis uikI 
Bisters and other things until reminded 
to hurry. There were many others, 
however, who kept up the spirit ol 
playing a game until the end, and these 
cliildren made the best time-scores. 

The children used many different 
methods of accomplishing this task. 
Some of the children took the string 
in the right hand and put tlie buttons 
on with the left haiul, and otheis re¬ 
versed this process. Some kept the 
bunch of Btrimg buttons on the table 
and drew the string through each time 
as if sewing with a very long thread. 

There were those who let the Imucb 
of strung buttons lie on the floor, and 
as they strung the single buttons on 
would let those buttons drop to the 
floor without giving them any further 
attention; others would shove each 
button all the way down the string 
until it reached those already strung. 

Sometimes tlu; entire time would be 
lengthened 1-\V the fact that the .string 
was lield in the right hand and the 
bunch of buttons stung dropped to Llic. 
floor on the opposite side, so the but¬ 
ton had to be shoved dowii the si ring 
each Lime. Only a few of the cliiklreii 
let the buttons fall wherever they 
chanced to, without giving them fur¬ 
ther thought. There was one method 
that lengthened what otherwise wovdd 
have been a shorUtijne scoj’c, Tlie 


arrangtinent of 8t,ring and buncl» of 
buttons would be good, tlie child 
would let the buttons drop down the 
string giving them no more attention, 
once they were on the string, but every 
few seconds he would hold up the 
bunch of Btruiig buttons foi- one to 
admire, with the remark; “Sec what a 
lot I li!iv(s strung,” or “It looks like 
a big worm.” It was noticeable 
throughout the 3 nationalitics, that 



INU RuTTONri 


-Mcxir.aii; —--lUilian] — — 

-S. D. Anurrioiin;—© -®— Raldinore 

Aiiuirioau, 

most of the children put (he string 
tlirniigh the button from the flat side, 
few of the cliildren had a hit or iui.ss 
ai'i'angenicnt on (hi.s pru-ticular [joint. 
Three cliildren strung first from the 
convex side, then froin (he Ihit side 
giving an entirely difi'erent appear¬ 
ance to the fiuishetl product, One of 
these children would remove a buttoi' 
and .siring from tlu'. reverse .side if 1 k‘- 
clmnci'd to jHit one on wrung. The.se 
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cliildreii's records were iirnong t he long¬ 
time ones. 

There were a goodly number of 
cliildien who retained the idea of its 
being a timed test throughout, and 
who slarted out with the string in the 
hift hand, the knotted end on the 
iloor to the left, and who put the but¬ 
tons on the string rapidly with i;he 
right hand letting them drop where- 
ever they happened to. These were 
the children wlio made the shortest 
time-records. 

The shorte.st tiine was made by a 
Sicilian child, 98 seconds; the longest 
time-record by a Sicilian child also, 
3(S6 seconds. 

The averiigos arc as follows: 



AU£ 

M£:DtAN' 


XBCondx 


Mexicans: 



Boys.... 

190 

^ 169 


IB4 

Ballimoro Americans: 


Boys.. 

191 

1 185 

Giria 

188 

Siciliaua: 


Boya. 

195 

1 187 

Gii’la . 

191 

San Diego AmorieaDa: 


Boys . 

206 

} 

Giria. 

199 


The above averages show that the 
Mexican children made a slightly 
better record than the children of the 
other groups. 

SUMMARY 

A comparative study of racial differ¬ 
ences in manual doxterily has beim 
made for Sicilian, Mexican, and native 
American children, the erilejion of 
race bcdiig the birthplace of their par¬ 


ents, There were 2 groups of Ameri¬ 
can children, one from the Atlantic 
coast and of favored social status, the 
other from the Pacific coast and of 
approximately same economic level 
aa the Mexican s. 

There were 212 children between 
the ages of four and seven tested, al¬ 
most evenly distributed among the 
race groups. The sex differences 
within the gioups were not so well 
equated. 

Two forms of tests were given for 
obtaining an approximation of the 
mental level of the children in relation 
to standards for children of these ages. 
The scoresforthe Goodenough Drawing 
Test gave intelligence quotients that 
ranged from 70-170; these quotients 
were above the nonn or 100 for 77 per 
cent of the Mexicans; 60 per cent of 
the Eastern Americans; 58 per cent 
of the Sicilians; 50 per cent of the 
Western Americans. For the Picture 
Ihjzale series there are no norms. The 
scores compare favorably with the 
similar Rossolimo series and show 
that the group as a whole do as well as 
a larger group of American children. 
The Mexicans showed .superiority in 
this test. 

There were 8 performances in which 
manual dexLerity played an important 
part. The Mexicans ranked highest 
in four of these tests and tied for 
superiority in another test. Their 
average rank on the series was 1.7; 
Baltimore Americans 2.3; Sicilians 
and San Diego Amcricjins 2.8 each. 
For these groups the Mexicans are 
clearly superior in the quickness and 
accuracy of manipulation such as the 
tests involved. The conclusion can 
not be drawn for Jvatin races .and not 
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for races in general It does appear American ciiildren. A conirol of the 
that certain racial groups or stocks environments from I he lirst inonllis 
develop early skill in manipulation might throw light on the origin of such 
greater than that of the average of differences. 
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An Experimental Investigation of Young 
Children’s Interest and Expressive Be¬ 
havior Responses to Single Statement, 
Verbal Repetition, and Ideational 
Repetition of Content in 
Animal Stories 


Lois Z. SmitiR 


T he aim of this study was to 
develop an experimental tech¬ 
nique for measuring and com¬ 
paring the interest and expressive 
behavior responses which two-, three-, 
and four-year-old children give to 
single statement, verbal repetition, 
and ideational repetition of content in 
animal stories. 

The study involved (1) the writing 
of stories containing these three ele¬ 
ments, (2) the training of observers 
and the establiBhing of reliability in 
the use of the observer’s blanks, and 
(3) conducting the experimental story 
groups. 

The subjects used in the establishing 
of the reliability of the observers were 
14 four- and five-year-old children who 
were attending the preschool labora¬ 
tories of the Iowa Child Welfare 
Research Station. The subjects of 
the experimental story groups were 

' Thus study wtw diiacted at tho Iowa 
Chill! WelfurR Roaoarch Stiitiuii by Dr, 
Esther Viiri Cleavu Ilerdc. The Llotiulnd 
report is given in iiri vininiblislied Master’s 
ThcBifl, UniveriUty uf Irnva, P.)2‘,), Pp. IGO. 


33 two-, three-, and four-year-old 
children. The average chronological 
age of the group used for establishing 
the reliability of the observers was 
42.5 months with a standard deviation 
of 7.21 the average mental age 50.0 
months with a standard deviation 
of 8.87. The average chronological 
age of 27 children in the main experi¬ 
mental group given the Stanford 
revision of the Biiiet scale was 50.9 
months with a standard deviation of 
6.25, and an average mental age of 
59.3 with a standard deviation of 9.96. 
The 6 children given the Kuhlniann 
revision of the Binet scale had an aver¬ 
age chronological age of 36 months 
with a standard deviation of 2.52 and 
an average mental age of 43.2 with a 
standard deviation of 5.46. 

PREI’ATIATION OP THIS STORTPR 

The .stories for the experiment wore 
written so that they would contain cer¬ 
tain general eharac Leris tics recoin- 
inciidcd by cd\icators and writers of 
young children’s stovics. The follow- 
2:12 
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(guiding principles in 
f the stories: 

it told in chronological 
to be used iia a plot, 
j be within the child's! 

r mnat he undcr.stand-r 
•en. 

her wonlJij, phra.sos, or 
jt be Him pie. 

1 arc foiifl of anil cal 
sh the aiiiinala talk and 


LS borrowed from a 
ildr e 11 . Its u p p 1 i c U 
onological sequonce 
he exj^crience of the 
e stoi'y Tivo I Attic 
from a, story called 
ers (10). The story 
!e who had lost her 
sequence of events 
tternpt to find tliem. 

: original story were 
c experimental story 
:a were re-wn-itten. 
stoi’ins used in the 
Little Kittens and 
were suggested by 
Han't Spot Hound a 
Kill’s Hera and Now 

loo.sing ;i voenliulaiy 
ich children of those 
(ustand, all of tfie 
□ry were listed and 
n children's vocabU' 
fhe studies of Bate- 
(3, 4), Brandenburg 
d Gal(^ and GSalo (7) 
10 studios wore u.sed 
ill cons tiiic ting lier 
for y o u n g child run, 
s wliicli occurred iii 


five or niorc of tlicj v'oeaiouhirio.s wore 
used. 

In order to make tlic story simple, 
short declarative sentences were uscal 
as often a.s possible. The average 
number of words in the sentences used 
in the stories was six. 

The stories wore written in 3 forms. 
Form A was told in singl(‘ statements. 
4'he 2 siniilar cbai'acters wore treated 
as a. unit by means of a j>Iural or com¬ 
pound subject. For e.\:iinple: 

“Mr. Goo.se find Mrs. Goose hod Iri.st llodr 
rii l:)bere. 

They naid, 'Wo amst have them to go 
down I,own.’ “ 

Form B was told with averlial r(‘pe¬ 
tition of content. In this form ear:h 
of 2 animal characters n^spoiidcd 
individually. Tlie words vi.scd to ch^- 
Bcribc the behavior of tla^ first (diar- 
acter wesre repeated in describing tlie 
behavior of the second except tliafc the 
pronouns were varied in sex aiid num¬ 
ber to agree with tlicir respective ante;- 
cedents and the verbs were Gliangeii 
in form to agree in luimbor with their 
respective subjects. For example; 

“Mr. Ono.‘io had losti his ruhhiTS. 

I to Maid, ‘I nnuit havo tliom Lo go down 
town.' 

Mi“h. Gooso had lost, hc'r ruhbors. 

Hlio said, 'I nmst liavo t.lii'iu Id go tlown 
tow’ll!.’ “ 

In Form C the storii'.s w’ore cliaiac- 
teri/.ed by ideational repetition. Faeh 
one of the two .siinilar cliaraetcrs r<^- 
.sponded indiv idually. '.fhe clia.i'- 
acler uctecl and S|,K)kt‘. d'lu: saiiu* 
word.s were usial to de.scri).)0 Ibis 
aclioji ii.s those used in Form A and 
in Foi'in B in tlie nqieatcd slaU'nienls 
aljout both charaettas. In !,li*sr,rilling 
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the behavior of the second character in 
Form C the idea is repeated but the 
words are different, For example: 

‘'Mr, Goose had lost his rubburs. 

lie said, ‘I must have thcin go down 
town,' 

Mrs. Goose’s rubhera were lost, 'I can¬ 
not go to the store without them/ she 
sakl." 

From observation of story groups in 
the preschool laboratories it was 
decided that a story requiring three 
ininutes would come wtII within the 
period during which even the youngest 
child could give attention to the story. 
The reading of Form A required 
luiiiutes, and Form B and Form C 
each required 3 minutes. The stories 
were written in one-half minute units 
HU tliat each item of expressive be- 
liavinr or interest could be checked on 
the basis of occurrence within half 
nuriiites, Each unit of a story was 
typed in the story book on the space 
between two leaves so that turning a 
page indicated to the obseiwers the 
end of a half minute unit. 

Three comparable atories were writ¬ 
ten for the experifuent, one for use as a 
trial story in establishing reliability; 
the others for use in the cxperiracut 
proper. The story Two Lillie Geese 
is reported on page 235. 

TRAINING or THlfl STORY-TNLLEIt 

The story-teller made special prep¬ 
aration for the telling of the stories 
in order that the telling would be as 
uniform as pos.siblc. I'lach form of 
each story was meiuorized. A careful 
study was made of the enunciation, 
pronunciation, (j.xpression, and voice 
used in telling the storio-s. The story 
wa.s timed so that the story-LeUer 


always took the same amount of time 
in telling it. Persons trained in telling 
children’s stories criticized the story¬ 
teller’s presentation of the story. A 
small story book which lay on the lap 
of the story-tellci’ served as a guide and 
aided in maintaining uniformity. 

Thn personality of the story-teller 
as manifested by dramatic pause, voice 
quality, inflection, and facial expre,s- 
aion was evidenced only enough to in¬ 
sure the children’s interest and was 
made uniform for all forms of stories. 

At the end of the experiment the 
.story-teller asked the observers to 
report on her uniformity in manner 
and time of presentation of the stories. 
The following reports were given: 


OUHRnVBll X 1 

oi'HBRVEn y I 

DBBEIl Visit Z 

Time 

Very uniform 
for each 
form 

Seemed to he 
the same for 
the forms that 
were alike 

Uniform 

Presentation 

DifTcred very 
little ^ 

Surprisingly 

uniform 

Uniform. Fa¬ 
tigue may 
have made a 
little differ- 
enoR in lust 
of the six 
stories k'vch 
in one day 


TRAINING THE OBSERVERS AND ESTAR- 
LISHING THE RELIABILITY OP TUK 

observeil's blank 
Following the preparation of the 
stories, thes next problem was the 
development of a technique for re¬ 
cording the interest and expressive 
b(ihavior of the children in the story 
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I'QIIM A. 

Mr, and Mra. Goose could 
not find tiieir red ruliberg. 

“We need them to go down 
town/' they said. 

They had peeked into every 
corner of tlic little dark 
closet under the stairs. 

Their red rubbers were not 
tUcie. 

Mr. and Mrs. Goose loolrnrl 
under the bed. 

They opened the ice box and 
looked into it. 

Their red rubber,‘j were lo.^t. 


Mr. and Mrs. Goose rolled 
up the rug and looked 
under it. 

They saw no red rubbers. 

They beard the rain drops 
hitting the root of their 
house. 

They put on their coats mid 
haks. 

They picked up their biMketw 
and very green unibrelltis, 

They wt'iil ovit the door. 

Mr, and Mrs. Goose elo.sed 
the door. 

They opened their big green 
umbrellas. 

Plop! Four l)ig sonic things 
fell on their he.'ula nearly 
knocking their hats off. 

Mr. and Mrs. Goose looked 
to see wh.at had dropped. 

T he re we re t h e i r re 1 1 r u b b e r.s. 

They put on llieir red ruli¬ 
bers. 

They wa 1 kcd i n the w atc r o 11 
tlu.'ir way down town. 


Kcju\r 


Mr. Goose could not find his 
red ruhbcr.s. 

“1 need thorn to go down 
town,’' he said, 

Mrs. Goose could not find 
her red rubbers. 

“I need them to go down 
town," she uiiid. 

Mr. Goo.'^e p(‘(■ beil in(,o eve.ry 
corner of the littlo d.arl: 
cloHet under the id,iiira. 

His red riibher.H were not 
t lie re. 

Mns. Goose peeked into every 
eornt'r of tlnr little dark 
elosi’.t under tlio stair.s. 

Her red rubbers were not 
theie. 

Mr. Goose looked under the 
bed. 

Mra. Goose looked under the 
bed. 

Mr. Goo.se opened the ice 
box and looked into it. 

His red ruiibers weie lo.st. 

Mrs. Goose opened the ice 
l.»ox and looked into it. 

Her red riibbcr.s were lost. 


Mr. Goose rolled ipi tlie nig 
and Inokerl under it. He 
no reil nililxirs. 

Mrs, Goo.se rolled up tluj rug 
and looked under it. She 
saw no red riihhers. 

Mr. Goose lieard the rain 
tIrojjH hitting thri roof of 
the liouae. 

Mr.s. Goose hoard the rain 
di'up.s liitliiig the rout of 
tlie liou.si'. 


I'OliM t; 

Mr. Goose cmild not find hia 
red ruhbors. 

Tie, Ktald, “I need them to go 
down town.” 

Mr.s. Goose's ruVibera were 
lost. 

She said, "1 cannot go to the 
store, without them.’’ 

Mr. Goose peeked into every 
corner of the little dark 
do.set uii(l(‘r the Htairs. 

TUh real nihbers were not 
there. 

From ti)[) to botiom of tlic 
dark doset Mrs. Gooae 
looked for her red rubbers. 
She did not find tliein. 


Mr, Goose looked iiiider the 
bed. 

Idown under the bed Mrs. 

Qoo.se crawled to look. 

Mr, Goose oilemnl the ice box 
and looked into it. His red 
rubbers were lost. 

Mrs. Goose could not find her 
rubbons in Hie ice box. 
They wen; gone. 


Mr. Goose rolhul up the nig 
and looked under it. He 
.saw' no red culibi'rs. 

Mrs. Gooseks red rubbers 
were not under the rug. 
She 1 if toil it to look. 

Mr. (louse beard (.he rain 
dr<i[».s liil.ling tlu; roof of hi.s 
liou.se. 

The liiin wins falling on the 
to]) of the lum.se. Mra. 
Goose li.steiieil. 
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ronM u 


Mr. Goose put on liis coat 
and hat. 

Mrs, Goose put on her coat 
and hat. 

Mr. Goose picked up his bas¬ 
ket and tjreen umbrclln. 
Mrs. Goose picked up her 
basket and ereen um¬ 
brella. 

Mr. Goose went out on the 
porch. 

Mr. Goose closed the door. 
Mrs. Goose went out on the 
porch. 

Mrs. Goose closed the door. 

Mr. Goose opened hia big 
green umbrella. 

Plop I Two big Bomethinga 
fell on his head. 

They nearly knocked bis hat 

ofi. 

Mrs. Goose opened her big 
green uuibrellEL. 

Plop I Two big Bomethiuga 
j fell on her head. 

I They nearly knocked her 
hat off. 

Mr. Goose looked to see 
what had dropped. 

There ivere hia little red 
rubberfl. 

Mrs. Goose looked to aeo 
what had dropped. 

There were her little red 
rubbers. 

Mr. Goose put on his red 
rubbers. 

He walked through the water 
on his way down town. 
Mrs. Goose put on her red 
rubbers. 

She walked through the 
writer on her way down 
town, 


form c 

Mr. Goose put ou hia coat 
and hat. 

Mrs. Goose had her wraps on. 

Mr. Goose picked up hia bas¬ 
ket and green umbrella. 

Mrs. Goose was carrying her 
basket and green umbrella. 

Mr. Goose went out on the 
porch. 

Mr. Goose closed the door. 

Mrs. Goose shut the door be¬ 
hind her. 


Mr. Goose opened hia big 
green umbrella. 

Plop I Two big aomethinga 
fell on hia head. They 
nearly knocked hia hat off, 

Mrs. Goose put up her um¬ 
brella. 

Out of it dropped aomethiog 
that put her bonnet over 
one of her eyes. 

Mr. Goose looked to ace 
what had dropped. 

There wore his little red 
rubbers. 


Mrs. Goose saw that her two 
little red rubbers had fallen 
out of her umbrella. 

Mr. Goose put ou his red 
rubbers. 

He walked in the water on 
his way down town. 

With her red rubbers on her 
little feet, Mrs. Goose went 
through the rain to the 
store. 
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situations. The observer’s blank as 
used in this study lists 5 types of 
expressive behavior (1) laughs, (2) 
smiles, (3) claps hands, nods approval, 
etc. (4) annoyed, (5) neutral; and 3 
types of interest (1) watches, (2) any 
combination of watching 0]‘ not watch¬ 
ing, (3) does not watch. 

The experimenter in weighing the 
observations of expressive behavior 
assumed that greater amount.s of 
expressiveness in enjoyment or disap¬ 
proval of the story .should be given the 
higher positive or nogfitive score.s 
while less expressiveness should be 
given scores falling between the ex¬ 
tremes. Thus the scale of expros.sive 
behavior ranges from — 1 to 3 with 1 
as the midpoint for neutral expressive¬ 


ness. 

liehuvior Items Score 

1. Laughs—the child's am ii a cm cut 

is cxpresBcd by a chuckle, gig¬ 
gle, or snort. 3 

2. Smiles—the child’s mouth is 

drawn up into a smile. 3 

3. Claps hands, or nods approval,. . 3 


4. Annoyed—the child scowls or 

watches the iloor. .. 2 

5. There is an atiacuicc of 1, 2, 3, and 

4, The child Ima a neutral 
cxprcHsion.. . 1 

A scale for intere.st value,s was 
chosen which ranged from 0 to 2. IMie 
score of 1 served a,s a iihd]Joiiit from 
which differences were judged. The 
following are definitions of interest 
items: 

[illi'.resil Itcnm Score 

1. Watches—the child’a eyes me 

focused on the fltovy-tollcr all 
of the tiine e.xcept possibly for 
aghmoe. 2 

2. Any viiiifitioii between 1 aiul 3. , . 1 

3. Does not w’aLcIi—his eyi's are 

fociiacd on other tilings — not 
on the .story-teller except for a 
possible glaiiiic. 0 


All three of the oh.server.s were 
college graduixtea and Iavo were gr.'id- 
uate studeriLs with special triiiiiing in 
child psychology. Twelv(?, hour.s dur¬ 
ing a period nf two woekH were spent 
in training the observers for the experi¬ 
ment. This period nf training was 
characterized by the experimenter’s 
telling of stories to groups of children 
iiiid the olxHorver.s checking on the 
ob.S(*rva,tioii blank the liehavior rc- 
Rpons(;s of the .saim!: 2 children. Dis- 
agreements were jxoted and difscussed. 
Definitions were agreed upon and 
exam plea of the types of behavior 
cited. Tliis procedure was repeated 
until the number of diBagreements be¬ 
came BO foxy as to indicate that the 
observers were sufficiently trained. 

The agreement r)f the observer.^ is 
shown by correlations between ob- 
servciiB X, Y, and Z, 


UaTEIVI I r I IMi. 

Expi'Ch'sivc behavior 


X with Y 

.98 

±.00.5 

Y with Z 

.1)8 

±.00.5 

X with Z 

1 .1)8 

±.U0.5 

Avcrrit^c. 

1 .98 

±000 

Inti! re Hi 

X with Z 

,87 1 

± .027 

Y with Z 

.y.'i 

±.022 

X wdtli Y 

.99 

±.005 

Averiipc'. 

.94 

±.017 

EXrEaiM Entae story 

UllOUPS 

M’ho next 

{)roblenx of 

the study 

was the division of tlu! two-, three-, 

and f'our-ytMU’-old chi hire* 

II into story 

groups, bine 

X; il, was liO) 

lied that the 

iiillueiiee arising fi'om tl: 

le in dividual 

reset ions of ll 

lie ehildrim would besimi- 
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lar for all the groups, the 6 groups 
were made fairly comparable on the 
basis of mental age and extroversion- 
introversion ratings (8). Thirty-three 
children served as subjects. 

One stoi-y was presented to each of 
the experimental story groups previous 
to the experiment. This was done for 
the training of the observers and for 
the purpose of permitting the children 
to become accustomed to the experi¬ 
mental story group situation. The 
story, Two Little Kittens was used for 
establishing reliability, and the stories 
Two Little Dogs and Two Little Geese 
were used in the experiment proper. 

The experimental story groups were 
conducted each week over a period of 
6 weeks. The order was arranged so 
that 3 of the groups received the Two 
Little Geese story first and 3 of the 
groups the Two Little Dogs story first. 
The forms of each story were pre¬ 
sented in 3 different orders so that the 
influence of position in the series was 
equalized for each form. The order 
in which the stories were presented and 
the record of the actual time taken 
for the telling of each story are given 
in tabic 1. 

The first time the child was taken 
for a story group, the teacher in charge 

of the preschool group said, ^‘Mrs. 

would like to tell you a story." The 
experimenter said nothing to the child¬ 
ren, merelj'- waited for tlieni at the 
door. The 6 children were brought 
into the testing room and seated in 
little chairs grouped around the story¬ 
teller. The 3 observers sat facing the 
children in positions closest to the 
children whom they were to observe. 
The story-teller, began by saying, "I 
am Mrs.I am going to tell you a 


story abotit (giving the name of the 
story).” She started a stop-watch 
which she had in the pocket of her 
smock at the ins taut she began the 
story. At the completion of the read¬ 
ing material she had between the 
pages of the small green-covered story 
book on her lap, she turned the page. 
This movement was a signal to the 
observers that a half minute had 
elapsed. At the close of the story, the 
stop-watch w.as stopped. The experi¬ 
menter said, “That is all. Perhaps 
some other day I shall tell you another 
story.” The length of time used in 
telling the story was recorded and the 
children were taken back to play, 

ANALYSIS OF THE EXPERIMENTAL 
RESULTS 

The interest and expressive behavior 
scores and the means, standard devia¬ 
tions, and coefficientB of variation of 
the score from Forms A, B, and C of 
the Two Little Geese story and of the 
Two Little Dogs story are shown in 
tables 2 and 3. 

In order to compare the variability 
of the interest scores and expressive 
behavior scores from the 3 forms of the 
2 stories the coefficients of variation 
of the scores from the forms were com¬ 
puted in terms of the means and 
standard deviations of each form. 
Examination of these percents show 
that the scores from Form B, charac¬ 
terized by verbal repetition, were leas 
variable than those from the other 
2 forms and that scores from Form A, 
characterized by single statement, 
were more variable than those from 
the other 2 fornus. The scores from 
Forms 13 and C show about equal 
variability. 





Smith: Animal Stories 


239 


TAULE J 

Ortkr oi* 'pyeu'nialion and time record of Ihc 


week 

minin' 

erniiv 

KOHM 

TIM 15 iip.emm m 
HTOU1E3 





nil nu tea 

atfisiidl.') 


1 

T\vo Little Go one 

A 

1 

30 


II 

Two Little Geese 

13 

3 


First 

III 

Two Little Geese 

C 

3 


IV 

Two Little Dogs 

A 

1 

30 


V 

Two Little Dogs 

13 

3 



VI 

Two Litllo Dogs 

a 

3 



I 

Two Little Geese 

13 

3 



H 

Two Lit trie Geese 

G 

3 


Second 

III 

Two Little Geese 

A 

1 

30 

IV 

Two Little Dogs 

11 

3 



V 

Two Little Dogs 

C 

2 

57 


VI 

Two Little Dogs 

A 

1 

29 

{ 

I 

Two Lilitlo Geese 

C 

3 



II 

Two Little Cler‘He 

A 

1 

30 

Third - 

III 

Two Little Geese 

1 13 

3 


IV 

Two Little Dogs 

1 C 

3 



V 

Two Little Dogs 

1 ^ 

1 

30 


VI 

Two Little Dogs 

1 

3 


r 

I 

Two Little Doga 

A 

1 

32 


ir 

Two Little Dogs 

B 

3 

2 

Fourth < 

III 

Two Little Dogti 

C 

3 


IV 

Two Little Geese 

A 

1 

30 


V 

Two Little Geese 

13 

3 



VI 

Two Little Geesc! 


:3 

2 


I 

Two Litlle Dogs 

13 

3 



11 

Two liittle Dogs 

G 

3 


Firth 

III 

IV 

Two Jjt):l/; Dogs 

Two Little Gei'sc^ 

A 

n 

I 

3 

2H 


V 

4'wo Little Geese 

c 

3 



VI 

Two Little Geese 

A 

1 

30 


1 

Two Little Dogs 

G 

3 



II 

T^vo I At tic Dogs 

A 

1 

30 

Sixth < 

Ill 

Two Li I tie Dogs 

B 

3 


IV 

Two Lillie Cieese 

<J 

3 



V 

Two Little Geese 

A 

1 

30 


VI 

Two Little Geese 

B 

3 

2 
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Interest scores frojn Forms A, B, and C of the Two Little Geese and the Two Little Doga stories 



Bioitr 



r^vD Little G(»^qo 



Pwo Little Dogfl 



Forni 


A 

B 

c 

A 

B 

C 

M469 

G 

12 

10 

6 

12 

10 

F320 

6 

12 

10 

6 

12 

10 

F415 

4 

11 

6 

5 

' 11 

8 

F427 

0 

9 

4 

3 

10 

6 

M401 

G 

12 

5 

5 

12 

8 

F483 

3 

8 

0 

3 

8 

0 

M4QS 

6 

12 

10 

6 

12 

10 

F362 

G 

12 

10 

6 

12 

10 

M419 

6 

12 

10 

6 

12 

10 

r477 

4 

12 

8 

4 

12 

8 

M431 

6 

12 

7 

6 

12 

7 

M272 

Q 

12 

10 

6 

12 

10 

F473 

6 

12 

7 

0 

12 

7 

F391 

6 

12 

9 

6 

12 

0 

M450 

0 

12 

9 

6 

12 

9 

M4g4 

0 

12 

9 

6 

12 

0 

M474 

6 

12 

9 

6 

12 

9 

F498 

e 

12 

12 

6 

12 

12 

F401 

0 

11 

12 

6 

11 

12 

F3O0 

5 

12 

10 

5 

12 

10 

M370 

0 

12 

10 

0 

12 

10 

F3B0 

6 

12 

10 

1 6 

12 

10 

F403 

6 

12 

12 

! 6 

12 

12 

F471 

0 

12 

10 

6 

12 

10 

M263 

6 

12 

12 

6 

12 

12 

P485 

6 

12 

10 

5 

12 

10 

M475 

6 

12 

12 

6 

12 

12 

F389 

0 

12 

12 

6 

12 1 

12 

M355 

6 

12 

9 

6 

12 

9 

F351 

3 

12 

12 

3 

12 

12 

M279 

4 

12 

12 

4 

12 

12 

F369 

6 

12 1 

11 

6 

12 

11 

M464 

6 

12 

11 

6 

12 

11 

Mean. 

5.36 

11,73 

9.39 1 

5.67 

11.76 1 

9.76 

a.D. 

1,30 

.71 

2.2S 

.84 

.71 

1,95 

V. 

24.06 

6.05 

24.28 

14,81 

6,04 

19,97 


In order to discover the consistency est and expressive behavior scores 
of the children’s interest and expres- from Forms A, B, and C of the Two 
aivc behavior responses to the corre- Little Dogs story were correlated witli 
aponding forms of the 1 stories^ inter- interest and expressive behavior scores 
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TAin.lO 3 


Expressive behavior scores from Forms A , B, and C of the Two Little Geese and the Two LitUe 
Doge dories 





BTOriT 



Two Tjiltlu Oruiio 

1 

Two Little Dogn 



Tonn 


A 

D 

c 

A 

n 

c 

M46U 

fi 

12 

9 

G 

12 

9 

F3i;0 

0 

12 

9 

G 

12 

0 

FilS 

5 

10 

2 

r> 

10 

3 

1^:27 

1 

7 

3 

4 

0 

3 

M491 

5 

9 

3 

0 

0 

5 

F483 

2 

7 

0 

4 

7 

1 

M408 

3 

10 

G 

3 

10 

0 

F372 

3 

10 

8 

3 

10 

8 

M410 

3 

8 

G 

3 

a 

G 

F477 

5 

12 

0 

5 

12 

G 

M431 

s 

15 

10 

0 

15 

10 

M272 

3 

10 

12 

3 

10 

12 

r473 

0 

12 

G 

0 

12 

0 

F391 

3 

12 

G 

3 

12 

0 

M4D0 

3 

14 

8 

3 

14 

8 

M404 

3 

12 

8 

3 

12 

8 

M474 

3 

10 

8 

3 

10 

8 

F4fl8 

3 

10 

8 

3 

10 

8 

F401 

3 

10 

6 

3 

10 

0 

F306 

5 

12 

10 

5 

13 

10 

M370 

10 

G 

10 

10 

f) 

10 

F380 

7 

G 

10 

7 

0 

10 

F4(i3 

3 

10 

0 

3 

10 

0 

r471 

3 

8 

10 

3 

8 

10 

M263 

3 

0 

8 

3 

0 

8 


3 

12 

G 

3 

12 

7 

Mi7r) 

a 

12 

12 

3 

12 

12 

F389 

5 

10 

12 

5 

16 

12 

M355 

7 

10 

11 

7 

19 

n 

F351 

5 

18 

10 

5 

18 

10 

M279 

5 

20 

12 

,5 

20 

12 

F369 

3 

11 

12 

3 

11 

12 

M464 

3 

11 

12 

3 

11 

12 

Mcaa. 

4.21 

11,3 

8.12 

4.48 

11,24 

8,27 

S.D. 

1.03 

3.46 

2,00 

l.SD 

3 37 

1,63 

V. 

45.80 

an . G2 

3G.S2 

40.18 

20.9S 

20.71 


from Forms A, B, and C of tlio Two 
Lillie Gecsie story. 

Tlie.se correlations wore uniformly 


jjositivo iind lu^li, ranj^inj^ from .90 
-1 .002 (o .09 1;:.002, indicating; tlnil 
the a^reeiuoi.it Ijet.woon the iiiteresL 
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scores on one form of one story and the 
same form of the other story was close. 
Since the correlations between the 2 
stories were highj only the results of 
the 3 forma of the Two Little Dogs 
story were used to determine the 
amount of agreement among the 
intere.st scores of the children from 
the different forms. 

Tlicae correlations indicated that 
between interest scores from the 3 
forms there was a positive rclation.ship 
between Forms A and C (.47 =t.092). 
The expressive behavior correlations 
ranging from .28 zt.108 to .3i2 =fc,:L05 
indicated that there was probably no 
agreement between tli9 expressive be¬ 
havior scores from stories characterized 
by single statement, verbal repetition, 
and ideational repetition of content. 

Table 4 gives the means and stand¬ 
ard deviations of the interest scores 
and the expres.sive behavior scores 
from Forma A and B, Forms A and C, 
Forma B and C, arranged for compari¬ 
son of the different forms of the Two 
Little Dogs story. Tt should lie re¬ 
called that the interest and expres¬ 
sive behavior scores from Form A were 
not directly compju'able to the interest 
and expressive behavior scores of 
Forms B and C in time since Form A 
was only one-half the length of Form 
B or (y. For this reason fche Form A 
scores in this comparison were doubled 
to make them directly comparable. 
In order to discover whether there were 
significant differtirices between the 
means of the 3 forms the probable 
errors of the differences between the 
means and the ratio oF the dilTerence 
between the incan.s aiK.! probable 
oiT()i’.s of the difference were computed. 

The mean of the interest scores From 


Form A was compared with the mean 
of the interest score from Form C and 
the results indicated a significant 
difference in favor of the mean of the 
interest scores from Form A. The 
ratio of the difference was 5.24 in 
favor of Form A. This comparison 
made on the theory that both stories 
were 3 minutes in length, indicated 
that I'orm A, with a single statement 
of content, was more interesting than 
Form C, with ideational repetition of 
content. A comparison of the interest 
scores from Form B and Form C shows 
a true difference between the means; 
the ratio of the difference between the 
means to the probable error of the 
difference being 8.19 indicating that 
Form B which is charactcriined by 
verbal repetition of content wag much 
more interesting than Form C, char¬ 
acterized by ideational repetition of 
content. 

Since it was not known that the 
length of the three minute story did 
not decrease the interest or expre.ssive 
behfLvior scores from Form R and 
from Form C, the means of the .score.s 
from the first half of Form B and of 
Form C were compared with Form A. 
Ill comparisen of the mean of the in¬ 
terest score.s from Form A and the 
mean of the scores from the first 3 
half-minute periods of Form B, the 
ratio of the difference between the 
means was found to he 4.13. This 
comparison, indicated that the interest 
in the longei’ story characterized by 
verbal repetition, was greater during 
the first 3 half-minute periods than in 
the first 3 periods of Form A, charac¬ 
terized Ijy single statement. In .a 
coiiipai'ison of the mean of the interest 
scores from Form A and Form 0 no 
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.siKiiificMiit difioroncc was fovind; tfio titir)n, was t^ifjrnifioantly greiitc'i’ than 
ratio of the clifforoncc boiiifT li.OO. that arisinf^ from Form A, wil.li itt; 

Idicrc was a sif^nihoant dilTui'ence of single statement of eontent. (Aonpar- 

S.GG l)etweeii the means of the oxides- ing exlH'cssive behavior means of the 


TABU;: 4 

SigruJ'icanl diffcrcTictis between form A and form. B, form . 1 , and fcirni C, and form B and 

form. C 



Ex|:)rtisi4ivi', Ix'hiiviiJr* 



* Tlio scores for only tlin first half of tliis ntory were used in Lha corretation. 
t Tin.; scores tor Uiis.slury won; inulLiplied by two hrdoro oorrclnliii^. 


sivo beliavior scoi’e.s from Form IJ and scores from Ibnio A mid !'’orm for 

Form A. ’’I'lio ratio iudieal.iiig lliat the sigiiidcarit dilTe.rcnces the ratio of the 

expressive behaviorttf the Ifd cliildi'en dilTermun; was fomul l.o be l.l'J. 

in n;s[>oiise to Form li witli \'(n l)al repi'- I'lieso d.'ita show tliat iheia' was no 
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Bigniricant did’oroncc! between the ex¬ 
pressive ))ehaviar arising from single 
Htiitcinent of content in ronn A and 
ideational repetition of content in 
form 0. Computing the dliferenecs 
between the expressive behavior scores 
from Form B and Foi'rY\ 0, a ratio of 
tlie difference of 7.92 was found in 
favor of Form B. This would indicate 
that Form B, characterized l?y verbal 
re]ietition, produces greater expre.ssive 
l)cliavioi’ than Form C, cliaractciized 
hy ideational repetition. 

For expressive iYcbavior as for iii- 
tcJ'estj the mean of the seojos from 
Form A were compared with the 
means of the first half of Forms B and 
C. Compai'isuri of the mean of the 
expressive behavior scores from Form 
A and the mean of tiic scores from tlie 
fir.st 3 half-minute unitH of Form B 
gave (i.3i as the ratio of the difference 
in favor of Form 13 indicating that the 
moan of the scores from the first 3 
periods of Form B, distinguished by 
verbal repetition, were significantly 
higher tiuiii the moan of the scores 
from the 3 limti units of Form A, dis¬ 
tinguished hy single statc!nent of con¬ 
tent. In comparing the mean of the 
scores from Forin A witli that from 
the first 3 tunc units of Form C, tlie 
ratio of the dilToroncc was 3.05 in 
favor of the longer story, indicating 
that the mean of the expressive be¬ 
havior score.s from the first half of the 
longer .storj^ cliaractcrized by idea¬ 
tional repetition of content were 
proimlily not significantly greater than 
the mean of the .score.s from the story 
cliai'acterLzerl by single statement of 
conteni,. 

In order to determine the relation 
between tiio interest sc<irc,s from Forms 


A, B, and C of the 7\oo Little Dogs 
story and the Marston introversion- 
extroversion ratings (8) 33 correlations 
were calculated. These correlations 
indicated no relationship between in¬ 
terest except with tlie possibility of 
expressive behavior on Form A and 
introversion-extroversion ratings. 

The intereat scores from Form A, 
Form B, and Form C and the chrono¬ 
logical age of 33 children were corre¬ 
lated. The correlations showed that 
there w.as no rtdationsliip (.05 117) 

between ago and intere.st in the story 
(Form A) characterized by single 
statement of content and very little 
relationship (.28 zb. 108), between 
chronological ago and interest in the 
story (Form B) characterized by 
verbal repetition and chronological 
age. However, the positive correla¬ 
tion .62i.072, between the interest 
scores from Form G and chronological 
age was significant and fairly liigli 
indicating that in general the children 
who were most interested in Form C 
ciiaracterized by ideational repetition, 
were tlie older children chronologically. 

An insignificant correlation (.17 zb 
TTl) was found between expressive be¬ 
havior from Form A and clironologica.l 
age and a low correlation between 
expressive behavior from Form B (.32 
zb. 105) and chronological age. The 
positive correlation of .07 zb.065 be¬ 
tween expressive behavior scores from 
Form C and chronological age was 
fairly high and significant. Tliese 3 
correlations indicated that chrono¬ 
logical age was not related to expres¬ 
sive behavior in stories characterized 
by single .statement or verbfd repeti¬ 
tion of content but that it was related 
to expressive behavior in stories ch<ar- 
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acterized by ideation til repetition of 
content. Tn gonei'ol, as the age of 
the children incre.ased expi'Ds.sive l)e- 
havior responses to ideational repeti¬ 
tion also increased. 

The interest scores from Form A, 
Form B, and Form C and the Stanford- 
Binet mental age .scores of 27 children 
were correlated. 

According to Fisher^ a correlation 
for 27 cases ctiiiiiot l)o considered sig¬ 
nificant unless the ratio of the correla¬ 
tion to its standard error of e.stiiutite is 
at least 2.779. The ratios of the corro- 
latioiis to their Htaiidard errors .showed 
no relationship between interest scores 
arising from single statement, verbal 
repetition, and ideational repetition of 
content and mental age; and no rela¬ 
tionship between expressive bciiavior 
scores arising from Form A, with single 
statement of content and from Form 

’■* Fiahcr, R. A.; Statistical metliods for 
ro.scjirch workers. 2nd. ed. rev. and eriL 
Edinburgh: Oliver & Boyd, 192S, Pp. xi, 
•209 (p. 159), 

Fisher for small numljers of casca, deter¬ 
mines I, the ratio of a correlation tn its 
standard error of estimate, according to the 
following formula: 



in which ris the corielatiun obtained, n' the 
number of paiv.s of observations on which 
the correlation is based and ?i which equals 
n' —2 is the number used with t in discover¬ 
ing p, or probability. A table for I reveals 
with what probability such a correlation 
should arise, by random sampling, from an 
udcorrelatcd population. If the prob¬ 
ability i.s .01, (i.o. one chiiuee in 100) Fisher 
regards the correlation it.g gignilicant. The 
distribution in random samples of partial 
correlation eoclficieriLa is derived from that 
of total corrtdation eoellieieiitH by dodue- 
tiem from the aiimbor of tho .sample the 
number of variates eliminated, 


B, with verbal repetition of content 
and mental age; however, the partial 
correlation between exi)rc.s.sh^c be¬ 
havior scores and mental age, with 
chronological age constant, approached 
significance (r = .3Sl; t ~ 2.019) while 
the correlation between e.'ipres.sive be¬ 
havior and chronological age witli 
mental age constant was not Bignilicaut 
(j’ == .104; ^ — .940). Tho correlation 
between mental age and clnonological 
age, with expressive behavior con.stant 
was .494, t l)oing 2.7S3. It aiipcars 
from these correlations that po.s.sibly 
tho expressive behavior .arising from 
the ideational repetition of Form G 
maybe related to those factors peculiar 
to mental age rather than to tliose 
factors peculiar to chronological age. 

SUMMAIIY AND CONCLUSIONS 

Tlie aim of the present study was to 
develop an experimezital technique for 
measuring and comparing the interest 
and expressive behavior responses 
which two-, three-, and four-year-old 
cliildreii derive from single .statement, 
verbal repetition, and ideational repeti¬ 
tion of content in animal stories. The 
solution of tho problems arising in the 
study required 3 proceflinus; the fiast 
of which w.as the writing of 3 stories 
containing single statement, verbal 
repetition, and ideational repetition of 
content; second, the training of ob¬ 
servers and establishing of reliability 
on the use of the observers blank; 
third, the conducting of the experi¬ 
mental story groups. 

The ol)servers were trained and 
their reliability was established on the 
use of an obscrver'.s Idank. 

'rhe subjects of the inve-sligation 
were 33 children who were enrolled 
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in t,lu! presdiool !■ boraLoi’ies of the 
Iowa Child Welfare Bescarch Station. 
These subjects were firranf^cd in B corn- 
p/iriihle groups to which the forms of 
the stories were presented in 3 different 
orders. The specific findings of this 
study are: 

1. The observation and observer's 
blank used in this experiment are a 
reh:il)lc technique for the nicasurGment 
and conipavison of the interest and 
expressive behavior responses of two-, 
tlu'cc- and four-ycar-old children to 
single statciucnt, verbal repetition, and 
ideational repetition of content in 
animal storica. This is revealed by 
the coireUition of .9(i dt .011 which is 
the average of 6 correlations between 
scores jiiade by the 3 observers on 
the same children. 

2. Tile coefficients of variability of 
the interest and expre-ssive behavior 
scores from all forms of the Tii^o l/lttle 
Dogs story were slightly higher than 
those from the corresponding forms of 
the T'w;o Litile Geese story. 

3. Tlie significant difTerences be¬ 
tween the uiL(ii(\st of the 33 children in 
Fomi A, F(n'iii B, and Form C of the 
Two Little Dogs story as shown by the 
means of their scores seemed to indi¬ 
cate that Forma B, with verbal repeti¬ 
tion of content, was more interesting 
til an either Form A with single state- 
irient or Fonn C with ideational repe¬ 
tition of content. The significant 
differences between the means of score.s 
for expressive beliavior showed a sig¬ 
nificantly greater response to Form B, 
characterized by verbal repetition of 
content, than to Form A or Form C. 

4. There appeared to be no rolation- 
shi|i bfitween chronological age and the 
children's iiitcrrat and expressive be¬ 


havior responses to Form A and Form 
B, However, there was a positive 
relationship between Form C, charac¬ 
terized by ideational repetition of con¬ 
tent, and chronological age. This 
meant that the older children were more 
interested and showed greater expres¬ 
sive responses to Form C of the stories 
than did the younger children. 

5. Although the mental age of the 33 
children ahowed no rclationahip to the 
cxpre.ssivc behavior scores made on 
Form A and Form B of the story, there 
was a positive relationship between the 
children’s expre.ssive behavior scores 
from Form G of the story and mental 
age. Thi.s relationahip indicated that 
the mentally older children tended to 
give the more expressive responses to 
Form C which was characterized by 
ideational repetition of content than 
did the younger children. 

G. A partial correlation between 
expressive behavior scores from Form 
C and mental age with chronological 
age held constant approached signifi¬ 
cance while a correlation between 
Qxpre.saive behavior scores from Form 
C and chronological age with mental 
age held constant did not approach 
significance, 'rhese correlations indi¬ 
cate that the expres.sive behavior aris¬ 
ing fiojii the ideational repetition in 
Form C may have been related to tho.se 
factors peculiar to mental age, and not 
to those factors peculiar to chrono¬ 
logical age, 

7. Correlations of the interest scores 
from the different forma of the Two 
Little Dogs story showed a positive 
relationship between only Form A, 
single statement, and Form C, idea¬ 
tional repetition of content. 'J’his 
sliowed that those children who were 



Smith; Animal Stories 


247 


ititercsted in stories whicli were cliar- 
acterized by single stiitement also 
tended to be interested in stoiios 
which were characterized by ideational 
repetition of content. 

8. Correlations revealed no rela¬ 
tionship between the expressive be¬ 
havior responses on these 3 forms of 


the stories, single statement, verbal 
repetition, and ideational repetition of 
content. 

9. There was no relationship be¬ 
tween extroversion rating and the 
children's interest and expressive be¬ 
havior responses to the forms of the 
story. 
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Play Activities of Children in the First 
Six Grades 

.loSIiPHTNB C. FoSTEU 


I N couiiection with the collection 
of certain other data/ children in 
gi’ndcH 1 to I) in certain Minne¬ 
apolis schools were asked to write in 10 
spaces the names of outdoor games 
which they had played more than 
oiiec during the provioua year, to un¬ 
derline the games they had played 
most often (as baseball, tag, etc.) and 
farther clown on the same page to 
make the same record for indoor 
games (ns basketball and authors, 
etc.)- When the material came to be 
worked up, it seemed unwise to use 
the imderlinings made by the children 
because it was clear that certain chil¬ 
dren misunderstood this part of the 
directions, sonic underlining all games 
and some none. The data reported 
ill this paper are, therefore, based 
merely upon the games listed. If 
more than ten games were recorded by 
any cliild, only the fvrst ten were used. 

From table 1 it appears that both 
boys and girls are consistent in listing 
fewer games for indoor than for out¬ 
door pby. This may mean nothing 
save that since the outdoor games 
were always recorded hrst the child’s 

^ The data reported in thiji paper were 
colleclifil by Mr. Hari'y S, Clark iu eoiiiiec- 
tion with work done for a Roiirao in Teach¬ 
ing Social ScicncCfl umlei Prof. A. C. Krey 
of the IhiivorBity of Minucpotii. 


interest or imagination gave out be¬ 
fore the end. It probably, however, 
is significant since there is some evi¬ 
dence of less community of interest 
about indoor games than about those 
played out of doors. 

An attempt was made to classify 
the games which the children listed. 
Some games named were, of course, 
impossible to locate; some were not 
identified because we w^ere unable to 
untangle the spelling; still other games 
seemed to be individual plays which 
for one or two children had become 
Bufficiently fomialized to be given a 
name but which were listed in none 
of the common books on games. The 
classification which was finally a- 
doptecl divided the games into the 
following classes: 

1. Catching, throwing, kicking games 

(bucIi as baseball, basketball, duck 
on the rock, marblea, jacka, 
croquet) 

2. Chaaing, fleeing games (such as three 

deep, blindman’s buff, king of the 
hill, pom pom pull away, fire on the 
mountain, drop the handkerchief) 

3. Hiding, seeking gomes (euch as cop 

and robber, hide aud seek, hide the 
thimble, button button, cowboy 
and Indian) 

4. Jumping, hopping games (such ns 

hop scotch, leap frog, jump rope) 

5. Folic dtuiecB, singing ring games (such 

iiB Soldier Boy, Loudon Bridge, 
24fi 
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Farmer in lUo Dell, Lazy Mary,' 
Here We Go Routul the Mulberry 
Huah) 

0. Informal dnmiatizafcion (fluo)i aa 
houao, fcitore, office, dolla, Bcliool, 
allow) 

7. FollowiuR diroctioTia (auoh aa do this 

do that, Sitnovi says, follow the 
leader) 

8. Table Rames (auch as Old maid, Snap, 

Uncle Wiggly, Parchcai) 

9. Very active play wliich may be in¬ 

dividual (aucli as sliding, skating, 
swimming) 

10. Ilatlier inactive play which may be 

ituiividiial (such as pain l ing, aew- 
iiig, radio) 

11. Group games of the giieHsing type 

(such as bux.z, teleplioiie, lead man, 
silent circle, beast bird or fish) 


sleadily more imviked. Of nil other 
gaincs in thiK group, baseball stands 
oiil, pretdninenily. The girls show an 
increase in interest in the oatching- 
throwing with advancing age but they 
never equfd the interest which the boys 
show in this typo of game. There is 
little difference in the popularity of 
Irhe chasing-llaeiug games for the two 
sexes for the ages considered, 

With both boys and girls the popu¬ 
larity of tlie singing-ring games (type. 
V) decrea.ses steadily frrnn age six on. 
Tlicse grimes are more popular with 
girls tluin with boys and tlu'. games 
continue to be played {i,t> higher ages 
than in I,he case of boys. The hiding 


TAllLE 1 


Mean number of (janies lifJed by rJiildrcn in vnriou.^ grades 


UIl.tWE 

1 NU.MIIKII 

nr CAME., 

ME^N NGJMIIFJ 

11 ouTi)‘>oji 

MEAN KUMIIUITI OF INUOOJl 

lloj'd 

Girls 

Buy 11 

Girlu 

iJoj u 

li trill 

1 

IG 

27 

8,3 

O.l 

7.8 

8.5 

2 

7U 

71 

8.0 

8.G 

G.2 

7.5 

3 

17o 

173 

H.8 

8.5 

7,3 

7.G 

4 

153 

150 

0.0 

9.1 

GO 

7.5 

5 

152 

130 

0.1 

9,5 

7,8 

8.2 

() 

107 

134 

8.5 

9.3 

8.0 

7.9 


Table 2 slunva tlic classification of 
all games wliich we could identify, 
rroni this table it is clear that among 
outdoor games the only types that 
make up any appreciable percentage 
of the total number fall in the first 
five types. For boys the preference 
lies clearly in the catching-throwing 
games (type 1) and the chasiug-fleeiug 
games (type II). For ages six through 
nine, the boys show some preference 
for tlie chasing-fleeing games over the 
catching-throwing games but from 
age ten on the popularity of thi’i 
catching-throwing games becomes 


and seeking games keep at about the 
same, level witli both scxe.s over a long 
period of years. Girls .show a defi¬ 
nitely greater interest in jumping-hop¬ 
ping games (typo IV) tliaii do the 
boys. Although this interest is at no 
age great enougli to make up more 
than 10 per cent of the total number 
of gaiiH'H listed, still it never with the 
girls falls as low as the liighcsl per- 
centiige in the case of tlie boys. In¬ 
formal di'amaliza.l.ioTi, all,hough never 
very high for either sex, shows a de¬ 
crease with advancing age. Games 
of the ly[)e of ‘Mo this, do Lliat" ri'.ach 
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(I rather low maximum for both sexes 
lit .age seven and tlicn gvaclually de- 
cieaae. llic same trends of interest 
are shown wlieii we divide the children 
by their grade in school rather than by 
their chronological age, 

When we consider indoor games, 
we get the distribution of table 3. 


croquet game as well as the usuiil 
croquet, and since there is an outdoor 
game of “500" as well as a card game 
by that name, it was deemed unwise 
to make any attempt to discard a 
game listed in the belief that the child 
had recorded the game in the wrong 
place. 


TABLE 2 

Outdoor {ja7ucs—pcrCcntagcH of rhildren of dijfere.TU age,fi -playinff different Lypus of games 



Boys 



jwr rr/jf 

(Jfr fsn( 

IM’T amt 

;)i;r rtiii 


per rent 

Z)er eeri^ 

per Cent 

per cent 

pet call 

per reni 


G 

2a 

33 

23 

1 

10 

6 

0 

0 

5 

0 

0 

10.^ 

7 

20 

51 

11 

3 

6 

1 

5 

0 

3 

0 

1 

335 

8 

27 

45 

IG 

3 

3 

2 

3 

0 

1 

0 

1 

943 

9 

31 

43 

19 

2 

1 

1 

1 

0 

1 

0 

1 

1,323 

10 

30 

38 

15 

2 

1 

1 

1 

0 

2 

0 

2 

1,360 

11 

49 

20 

15 

2 

0 

0 

1 

0 

S 

1 

1 

1,123 

12 

39 

36 

17 

3 

0 

1 

1 

0 

3 

0 

1 

348 

i:i and 

over 

51 

30 

11 

4 

0 

0 

1 

0 

3 

1 

0 

1 331 


Girls 


0 

13 

37 

11 1 

10 

21 

5 

0 

0 

2 

0 

0 

168 

7 

15 

48 

12 

0 

7 1 

2 

4 

0 

3 

0 

2 

417 

8 

10 

38 ' 

15 

10 

6 1 

5 

3 

0 

3 1 

0 

2 

1,032 

0 

24 

41 

14 

8 

3 

3 

2 

' 0 

2 

0 

2 

1,300 

1(1 

28 

41 

14 

7 

1 , 

1 

3 

0 

1 

0 

3 

1,030 

11 

34 

32 

10 

9 1 

1 

1 

1 

0 

2 

0 

3 

078 

12 

33 

34 

14 

B 1 

2 

1 1 

1 

0 

3 

0 

3 

402 

13 and 

over 

33 

33 

19 

10 


0 

1 

0 

0 

0 

1 

213 


This table is probably less accurate 
than the tables on the outdoor games. 
It seemed evident from working with 
the records that some children failed 
to distinguish between indoor and out¬ 
door games, hut since it is iioysible to 
play many ganics eilhor outdoors or 
inside if we consider the possibilities 
of ti gymnasium, since there is a table 


When we compare boys and girls on 
indoor game.s we find the popularity of 
catching-throwing games among the 
boys not nearly so marked as was the 
case in the outdoor games. In fact, 
throughout the list there seems to be 
much closer agreement on the games 
played by the two sexes except for in¬ 
formal dramatization (type VI) which 
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is more xiopiilnr with tho girls foul tlie childieri in grivdoH above the sixth, 
^'active play sometimes indivicluai'^ it meant that (he snpcirior twelve- 
(type IX) which is more poi)ular witli yi',;u-o]ds would not be included. The 
the boys. As might be expected, seven-year-olds, silthougli few in nnm- 
both sexes show smaller peroentageR ber, probably represent the children 
in the eatching-throwing and the of that ago who .are in school (cx- 
chasing-fleein g games arid much larger elusive of (,hc kindergarten) 
percentages in the table games in in- Fiorn (his array of favorite games 
iloor than in outdoor games. il, is clear (hat baseball attains a popu- 

'J'ABLE ;i 

huloor games—dislrihulion of pcreerilfuins hij age, 

TYC'FI 

1 j II I Ilf j IV I V j VI I VI/ [ viir I 7 \ I X I xj 

Uoys 

6 
7 
H 
<) 

]0 
11 
12 

13 and 
over 

t'lirla 

0 
7 
R 
U 

10 
11 
12 

13 nod 
over 

When we consider the individual lariLy with boys (hat is equalleil only 
games (not the types of xilays) which by the popularity of jack-s among the 
are played by most children, we may girls. Both boys and girls retain their 
select the five favorile outdoor (table interest in tag games tbroiighoul. llic 

4) and the five favorite indoor (table ages inehided. Tag itself is listed 

5) games for ages sevmi througli among (bo tive most ))Opiilar gaimis 
eleven. There were comparat ively for cacli sex and (wi'ry age. Washing- 
few records on children over elevi'ii ton i>oke (a, form of t.ag) aiiiiears in 
and since Ibosi; records included no seven out of the ten lisls and sloop 




NUMHJCIi 

Oh’ 

i;Aeit;» 
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TABLE 1 

Fam'iU ou<{U>or 0 / c/iiftlrf.n of 

diffarcnl a^cs 


In order of preferonce 


llOTH 1 

uinm 

Age 7 

Hide and seek 
Waahingtori poke 
BftfltdmU 

jTag 
[SttKip tag 

Hide and seek 

Tag 

Stillwater 

Stoop tag 

JaclvH 

Age 8 

Hide and seek 

Tag 

QaHoball 

Wivahington poke 
Stillwater 

Hide anil seek 

Tag 

Jacks 

Washington, poke 
Jump rope 

Age 0 

Tag 1 

Hide and seek 
Bnaeball 

Washington poke 
Stillwater 

Tag 

Jneka 

Hide and seek 
Washington poke 
Jump ropo 

Age 10 

Haeeball 

Tag 

Hide and seek 
fFootball 
tWatihington poke 

Jacks 

Tag 

Hide and seek 
Washington poke 
RasebaU 

Ago 11 

Hfiseball 

Football 

Tiig 

Hide and seek 

Run sheep run 

Jacks 

Tag 

Hide and seek 
Baaeball 

Run sheep run 


* Brncketing meana that those games 
were equally x>opular, 


tag, anothni* varialioii, appears twice. 
Hido tiTid sock also appears in every 
one of the lists for both sexes. 

If >vc cnlcuiat-e the perccjntage of 
childreii at; the different ages wlio play 


table 5 

Favorite indoor games of children of 
different ages 

nova I arnLn 


Age 7 


Hide the thimble 
Checkers 

Cat and rat 
[ BrownicH and 
fairies 

Farmerin the dell 
Pop goes the weasel 
[Button button 

Hide the thimble 
Rig a jig jig 

I Checkers 
\ House 

[London Bridge 

Ago 8 

Checkers 

Hide the thimble 
Dominoes 

Brownies and 
fairies 

Cat and rat 

Hide the thimble 
Checkers 

House 

School 

Dominoes 

Age 9 

Checkers 

Hide the thimble 
Dominoes 
fold maid 

1 Basketball 

Hide the thimble 
Checkers 

House 

School 

Jacks 

Age 10 

Checkers 

Hide the thimble 
Basket ball 
fVolley bull 
\Uncle Wiggly 

Hide the thunble 
Checkers 
[Uncle Wiggly 
\Jacks 

1 [School 

Age 11 

Checkers 

Basket ball 

Garda 

Hide the thimble 
Volley ball 

Checkers 

Jacks 

Hide the thimble 
Cards 

School 

the various outdoor 

games, we find cer- 


tain definite tendencies for interest in 
certain games. Both sexes show for 
the ages eonsidered a steadily increas¬ 
ing interest in baseball, ran sheep run, 
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sixty and tennis; boys show an in¬ 
creasing interest also in: ciinny caiij 
five hundred, football, golf, horse- 
shoca, hockey, marbles, nigger baby, 
and volley ball. Girls show increas¬ 
ing interest in jump rope, croquet and 
long ball. 

Both sexes show a steady decline 
in interest in ball, drop the handker¬ 
chief, farmer in the dell, London 
Bridge, stoop lag and shadow tag. 
Boys show decreasing interest also in 
catch, cat and rat, pom pom pull away, 
statue, wood tag and Washington 
poke. 

Games which increase to a maxi¬ 
mum between ages seven and eleven 
and then decline are for both sexes: 
cop and robber, hide and seek, send 
after and tag; for bo 3 '^s alone, Chinese 
tag, cowboy and Indian, Stillwater, 
lead man, croquet, and duck on the 
rock; for girls , jacks and Washington 
poke. Other games either show no 
clear tendencies or appear so infre¬ 
quently that the changes in the figures 
may be due solely to chance. 

In the lists chcckens and hide the 
thimble stand out as the greatest favor¬ 
ites with clieckers in general preferred 
by tlio boys and hide the thimble by 
the girls. Other points to be noted 
are that house and school, although 
appearing frequently on the lists of the 
girls arc not present on any list for the 
boys; on the other hand, basket ball 
and volley ball are popular with the 
boys but do not appe.ar on the girls' 
list. Under “cards" in the age eleven 
lists, w’e have not included definite 
card games listed such as “bridge" or 
“rummy" but we have clung to the 
children's own iiuining and coimted 


only the timcH the children themselves 
named “cards." 

It is iuteresting to compare the lists 
of preferred games given above with 
the results obtained by Lehman and 
Witty (1) by a, different method. 
These investigators did not attempt to 
separate outdoor from indoor plays 
and since they had the children check 
itcinB on ii printed list, without- doubt 
many were checked which the child 
would nut have thought of if left to 
write i-he list by himself. They find 
that thc! play activities engaged in 
most often by children between ilie 
ages of eight and a half and ten niul a 
half (roughly the group covered in the 
present study) were: activities involv- 
hig (1) pleasurable bodily movcment.s, 
usually rhythmical; (2) hiding and 
finding; (;i) imitation of adults; (4) a 
relatively high degree of skill; (5) 
elTorts at construction; (6) activities 
which depend for enjoyment primarily 
on sense organ stimulation; (7) tag 
games; and for girls, at least, (8) sing¬ 
ing games and ring games. The Leh¬ 
man and Witty study and the present 
report agree that boys of seven and 
eight are muclr interested in playing 
baseball, hide and seek, and tag; that 
boys of nine are much interested in 
baseball and basketball; and that 
boys of ten and eleven are much inter¬ 
ested in baseball, basketball and foot¬ 
ball; that girls of seven are much in¬ 
terested in playing house, hide and 
seek, and tag; and that girls of eight 
enjoy hide and seek, jump rope and 
t,i:Lg. Tlie two studies fail to .agree on 
any games listed as very popular with 
girls of nine and over. In general, 
the two j-eporls agree that jacks, 
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jump rope, school, house, and the 
singing ring games are definitely more 
interesting to the girls, while the ball 
games, marbles and athletic contests 
are more interesting to the boys. 

SUMMARY 

1. This paper summarizes lists of 
outdoor and indoor games which 
Mitincapc)li.s school children from 
grades one to six recorded as having 
played within the past year. 

2. Of the outdoor games, those of 
the types of catching and throwing, 
chasing and fleeing, and hiding and 
seeking games were most popular with 
boys and girls of all ages. 

3. Boys show more interest than 
girls in certain games such as the 
catching-throwing games while girls 
show more interest in jumping-hop¬ 
ping games, 

4. Of the indoor games, the same 
types appear popular as for out-of- 
door games with the addition of table 


games and games involving simple 
dramatization. 

5. Of indoor games boys seem to 
play catching-throwing games more 
than girls, while girls play at informal 
dramatization more than boys. 

6. Of the outdoor games listed most 
frequently tag and hide and seek arc 
universally popular. Boys show es¬ 
pecial interest in baseball while girls 
show considerable interest in jacks. 

7. Of the indoor games, checkers 
and hide the thimble are popular with 
all ages and both sexes. 

8. Older boys show considerable 
interest in basket ball and volley ball 
Girls play jacks indoors as well as 
outdoors. 

9. The findings of this study agree 
fairly well with those reported by 
Lehman and Witty. 
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Continuous Reaction as a Measure of 
Attention 


Mduirl W. BnoWN 


THE PIIOBT.EM 

BOUT six yours agOj the present 
writer conduoted a siinplo word 
learning experiment with a 
small group of children ranging in ago 
from two and a half to four years. Tlio 
task, in this instance, was to learn to 
recognize a nvirnber of printed words 
by .associating tlicm with toy objeefs 
which they represented. 

At the close of the investigation we 
found marked individual differences 
in achievement. We tiLso discovered 
that these individual differences did 
not correlate highly with intelligence 
ns measured by the Stanford Binet 
I.Q. Some relatively dull youngsier.s 
with a certain placidity of tempera¬ 
ment accompli.slied more, under the 
given lefiruiug conditions, than other, 
brjgliter, children who seenmd unable 
to focus upon the problem for longer 
than a few seconds at a time. This 
tendency to dLstractibility was more 
marked with the younger subjects but 
appeared at all chronological age levels. 
We further noted that wherever this 
inattentive behavior appeared it had 
certain fairly well defined character¬ 
istics. Movements were mercurial,— 
particularly eye movements. Tiiore 
was marked diffusencss of energy out¬ 
put, with little evidence of control. 


Ues])oiLse to the tost Hituation seemed 
to 1)0, not integraterl elTort under the 
direction of a persi.stent idea, but 
rather, a Hei'ie.s of fairly discrete reac¬ 
tions to an environmental kaleidoscope 
of stimulus pattern.s. 

These ni)servation.s raised a number 
of interesting questions in regard to 
the nature of attention. With thi.s 
group of children, physical, intellectual 
and emotional factors seemed to he 
nicely integrated in the attentive 
states. What interfered with the co¬ 
ordinating of processes in the inatten¬ 
tive states? Is inability to control at¬ 
tention an organic, an cniotional, or an 
intellectual defect? Does the power 
to attend develop gradually in small 
cliildi'cii with measurable increments 
between ciironological age levels? Ckui 
attention be measured at all? 

The following study is an attempt to 
explore a sniali corner of this very barge 
and interesting field. It aims to deal 
with three aspects of (he, problem: 

1. Tliu ineasurtiment of attcntioii 

2. Acfiuisiition of control of attention 

3. Individual difl'erennes in atteutivity 

All experimental situation Inus been 
devised which rules out, a.s far as i)os- 
sible, known eouditioning factor.s. 
Success depends iiriinarily upon nt- 
toiitioii to tlui task, a simple repeti- 
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tive process. The subjects are young 
children with no previous experience 
in this sort of thing. The set-up is a 
modification of the continuous re¬ 
action apparatus. 

REVIEW OP THE LITEnATUnE 

It has been soniewhat difficult to 
relate this experiment to the older 
psychological work on attention, first, 
because it began as a frank explora¬ 
tion, planned to yield data which 
would suggest, rather than test, hy¬ 
potheses; second, because of various 
confusions in term.'s, A review of the 
Utciaturc discloses so many definitions 
of attention that one ia lead to wonder 
whether James could possffily have in¬ 
tended to include psychologists when 
he said “Every one knows what at¬ 
tention is.” 

The earlier writers (pre-18th cen¬ 
tury) regarded attention, in the main, 
as “an unanalysable attribute of the 
fioul—evidence of the independent 
activity of the mental principle/^ (3, 
p. 86). The majority of English em¬ 
piricists (particularly Hurae, Hartley, 
and Bpcncer) ignored it, perhaps, ns 
James suggests, because it could not be 
treated ag a pure product of exper¬ 
ience. The Germans before Ilorbart 
“explicitly treated of it," but "either 
as a faculty or as a resultant." (35 p. 
402). The literature of the late 19th 
century bristles with theories which 
Baldwin (3), p. 86) classifies as: 

1. The ttfTcctivH, 

"AUentiooia an intellectual mono- 
ulciBin Accompanied by Bpontaneous 
or artificial adaiitation of the indi- 
vidviivl There are two kindfj, Rpon- 
fcaneouH and voluntary, Hpontane- 
ouH attmitioii is tbe rudiniontary 


form And in tho outcome of the nat- 
uval impulaCB and desires; its casen- 
tialelcinente are themotorprocesecB, 
Voluntary attention, does not differ 
in kind, but ia Inter in the order of 
development, and ''depends upon 
the emotione or impulses acquired 
by education." (72, p. 6.) 

2, The ‘'psychical energy" and "original 

activity" theorieH, (Lotz, Wundt, 
Stumpf, Ward, Ladd, etc.). 

Attention is defined in terms of 
degrees of conaciousnesB. “We are, 
at the moment more eonaciouB of 
some objects than of others, and it is 
the objecta of whioli we are moat 
conscious to which, wc are said to 
attend, or which are said to be 
'clear'." (42, p, 697.) 

3, The conative and motor theoviea, 

(Bain, Lange, Munsterherg, Stout, 
Baldwin). 

"That the ideational preparation 
itself 10 B consequence of muscular 
adjustment, so that the latter may 
be called the essence of the attention 
process throughout." (36, p. 444.) 

4, Tho "intenHity" snd "reinforcetnont" 

theories, (Condillac, G. E. Muller, 
Bradley). 

These assnine central aensoTy reiti- 
foi'ceuient of peripherally excited or 
centrally prep.arcd aenaationa or 
ideas. (40, p- 444.) 

5, The ‘'inhibition" theory, (Fcrrier, 

Alexander, etc.), 

"Tho physiological or paycho- 
logical principle underlying every 
act of attention is inhibition in order 
to concentrate,—the shutting out of 
irrelevant mattei in order to examine 
Botne central point." (2, p. 295.) 
"The changes which conacioua con¬ 
tents undergo lu one state of atten¬ 
tion, and the motor phenomena 
which follow in its train admit of two 
interpretations, one of which oc- 
credits attention with functions both 
of reinforcement and inhibition, 
while tho other attempts to explain 
all tho facts in terms of inhibition 
alone." (40, p. 444.) 
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These brief quotations will sufhco 
to give ii bird’s-eye view of the ningc 
of thought upon the subject under 
discussion. It is clear, na Kiilpe 
points out, that psychology has “con¬ 
fused in its idea of atteniion, three 
very different notions: that of a 
faculty, the operation of which pro¬ 
duces certain changes in the mental 
life; that of an activity, the activity of 
rciruirkingj noticing, oliserving,—al¬ 
ways directed upon some definite con¬ 
tent which is the occasion of its exer¬ 
cise; and that of a stai,e in which we 
continue for a longer or a shorter time, 
unalTected by changes in the content 
of our consciousness.” (41, p. 42). 

' 'Con temporary psychologists,” 
wi'itcs H. M. Johnson, ''make use of a 
single term 'attention’ to designate 
two variables, iiuliffercnlly. One of 
these variables is the degree of con¬ 
sciousness, or the clearness of content; 
the other is the degree of the sensory 
and motor adjustment of the organism 
with respect to a particular stimuhis.” 
(37, p. 601). Since Woodrow (92), in 
191G, argues at length for a "faculty” 
of attention, we may doubt wlicsther 
the number of issues has beem so f:vr 
redviced aa Johnson s\ip]K)ses. It 
seems to be true, however, that the 
concepts to which he refers have a 
general acceptance, and that as he 
further states, "two representative 
authors,” Miinsterberg and Dunlap 
are able to combine the two views in a 
theory of attention which specifically 
postulates that "the 'degree to which 
one is conscious,' or the 'clearness and 
vividness' of content, is detenriincd 
by the degree of adjuslinent for re¬ 
ception and response; the latter being 
perhaps theoretieally cxpre,sBibIe as 


some function of tbo number of dilTcr- 
ent pathways w'hicli combine in pro¬ 
ducing the appropriate respojise.” 
(37, p. 604.) In other words, integra¬ 
tion and attention,—consciousness, 
too, if you like,— arc the same thing. 
It is s\irpri.sing—and interesting,— 
to see how much of the old obscurity 
vanishes if the earliin* thcorist.s are 
translated into the language of modern 
scientific irsychology. 

Idle specific prolfiems atlacked in 
cxperiinenlal studies of attention Bald¬ 
win (3) groups iiink'i’ I he following 
heads: (1) Fluctuation of attention; 
(2) cnmplicn.tion; (3) range of atten- 
tvou; (4) distr:vc.tion of atte.ntiou; (5) 
influence of attention on the e.stinia- 
tion of time iritervals; (fi) reading time 
experiment.s; (7) attention and eon- 
coinitanl, pioces.ses, physiological and 
psychological; and (8) the effect.s of 
atter^tion. 

The experimental work done be- 
twf'c.n 1874 and 1008 has Ijcen admir¬ 
ably reviewed by L. R. Oeissler (29), 
with special reference to method. He 
distinguishes between (1) the general 
moans of inducing variations of aUcii- 
tion, and (2) the special metius em¬ 
ployed for the measun'meiit of Ibesc 
vn.riaiions. Under (1) he divides pro- 
eediiros into the ".single-la.sk,” or dis¬ 
traction method, and the "double- 
task,” or the method of sinuil|.aneou.s 
activities. The "single-task” inelhod 
\vas first used in 1874 by Wundt (93) 
and Obersteiner (00) who ati.emptetl 
to measure aLlentiou by nieams of re¬ 
action time using auditory, entaneous 
and visual distvactois. Distractors of 
mmiy kinds have ber-n iised .since tlieii 
in a wide variety of experimental .situa- 
tioTlfi. 
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The “double-task" method was 
first employed by Loeb in 1886, to 
find out whether museular activity 
could be used as a measure of mental 
activity. His work was later extended 
to include the correlation of the mua- 
cular strength of the hand with many 
different mental activities, such aa 
visual and auditory perception, mental 
addition and multiplication, reading, 
writing and ^repeating poetry. In 
this connection the names of Miinster- 
berg (56, 57, 58, 59) W, G. Smith (76), 
Drew (17), Dinct (4), and Henri (34) 
should be mentioned, also those of 
MeDougall (50, 51), and, particularly, 
Wirth (89). Experiments with both 
methods show that with different 
people the same distractions have 
different effects but the results are un¬ 
reliable, depending largely upon the 
effectiveness of the distraction mate¬ 
rial as such. Distraction material 
may be ineffective, (1) because of lack 
of continuity, which permits the other 
task to rise, at nioments, to the focus- 
(2) because of adaptation; (3) because 
of tVie improbability of getting dis¬ 
traction m,ateri<al which affects all 
normal subjects in the same way. (29, 
p. 492.) 

The methods proposed for, or em¬ 
ployed in, the ineasureinent of atten¬ 
tion, Geiasler divides into six groups. 
"The first five may bo classified as 
methods of expression. According to 
these, degrees of attention may ex¬ 
press themselves in changes of, (1) 
peripheral vision; (2) muscular 
etrength; (3) liininal and differential 
sensitivity; (4) reaction time; (5) 
accuracy of work. The si.vth method 
may be likened to tlni method of im- 
pre.s.sioij. By a series of graded dis- 


tractora, degrees of attention are to be 
induced in the observer, and he is 
afterwards to report which degree he 
experienced," (29, p. 492.) 

Method 5 is essentially the method 
of the present experiment from the 
point of view of treatment of data, and, 
therefore, has a special interest here. 
This method “seeks to find an expres¬ 
sion of the degree of attention in the 
quality and quantity of the worlc per¬ 
formed in a given time.” Jodi (36, 
p. 84-85) says of it, “It is obvious that 
attention cannot be measured directly. 
However, its degrees may be deter¬ 
mined indirectly by refemnee to its 
effects. These effects consist, in every 
task wliich does not have the character 
of an involuntary movement, in the 
avoidance of errors and mistakes and 
in the quickness of the execution." 
Stern (77, p. 84) also holds that “the 
quality and quantity of a task per¬ 
formed under normal conditions could 
be used as a measure of the attention 
energy." 

Friedrich (26) first suggested a modi¬ 
fication of this method in 1883 “It is 
tempting," he writes, “to fix defi¬ 
nitely the somewhat unsettled concept 
of attention by making it proportional 
to the measure of precision, i.e., to the 
reciprocal value of the mean error, so 
that a small mean error corresponds 
to a high degree of attention, and con¬ 
versely a large mean error to a low 
attention,—since the characteristic 
phase of attention consists rather in 
the large variations of the physiological 
times within the same experimental 
series." (26, p. 73.) Ho warns, how¬ 
ever, that “only in cases of the .simplest 
mental processes, which be.sides should 
be as homogeneous aa po.ssible, and 
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lil,(,le subject to practice, may one as¬ 
sume that tlie mean error is mainly de¬ 
pendent upon the degree of alien lion. 
With more complex mental processes 
not only doe.s practice piny a consider¬ 
able part in the fluctuations of tlicindi¬ 
vidual experiments, but, in ccrlain 
cases, the cause of great variations 
may lie in the menial processes them¬ 
selves." Oehrn (02) had 10 aiibjccLs 
count letters, look for certain loiters, 
read proof, etc., and “made a wide 
application of the mean variation as 
the ‘dynamometer of the attention'." 
(26) He found significant individual 
differences hi variability and, psirtic- 
ulavly, differences in the kind and 
amount of attention given to tl\o vari¬ 
ous tasks. Henri criticizes Oehrn’s 
conclusions on the ground that factors 
like fatigue and practiee were not 
eliniinated, and certainly must have 
iiidueuccd the mean variations. Pe¬ 
ters (63) found a close connection 
between tlie magnitude of the mean 
variation in delerminalions of liminal 
sensitivity and the degree of attention 
under which he had established (,he 
limen, “but assumed that" practice 
had a slight but distinct effect upon 
the results. Gcissler suggests that 
the mean variation can best Vje used as 
a check upon conclusions drawn from 
other techiii(|ues. 

Since 1908, experiments in the field of 
attention have touched upon all of the 
eight main problems outlined by Bald¬ 
win, tending of late years to center 
about either the clearness or the mus¬ 
cular adaptation hypolhc.sia. Geisslcr 
(29) reports, on the strcngtli of a study 
of fluctuations of attention to cut.a- 
iicou.s stimuli, that “under good coiuli- 
tions, attention focused on liiuinal 


and subliminal sensations remains ap¬ 
proximately c:onst;int for a.t least two 
or three minutes, and then gradually 
fades," (through adaptation). In 
1909, he tested “the rLssumed parallel¬ 
ism of the expression methods" by cor¬ 
relating “the accuracy and quantity of 
work performed with the muscular 
rigidity or motor inhibition which is 
saidtobecorn(‘ the more pronounced the 
moi'C at;tention is concentrated." (20, 
p. 503). Hefo\ind“avery close parallel¬ 
ism . .. tooxi.st between ini.rospectivdy 
distirigui.HhabIo variallons of attention 
and coiresporifling difi’erencea in the 
precision of worlc performed at- the,se 
levels under the contlition that l-lie 
estimation of degrees of attention was 
made in terms of deanu^ss and that 
the work itself was not influenced by 
anything else but cliMiige of attention.” 
(29, p. 529.) 

Experiments for .1910 hivvc to do 
particularly with Wirth’s (89) method 
of measuring distriluition of iitlen- 
tion,— the method of liminal differ¬ 
ences for brightness in different parts 
of the visual field under varying dis¬ 
tributions of attention. Japps (*ll) 
repented Wiii.h's (!xpcrirnen[.,s and in 
general, conlirmed his results, finding 
i.hat the central ’and lower portions of 
the field were materially favored. The 
innuence of attention in thi.s .situation 
is not clear, according to Pillslairy. 
Whipple (88) tested the mind-training 
theory proposed Jjy Miss Aiken (1) 
and found but a negligil.de improve¬ 
ment in visual memory spa.ii for letters 
or objeeUs, all hough Ins subjeebs were 
trained l)y ]00-201) (‘xposiire.s. Dun¬ 
lap (18), 1910, worked on l.he eompU- 
calion cxiieriinent and found (hreo 
general metluids of pidgiug the liosi- 
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tioii of the moving pointer at the mo¬ 
ment of a discrete stimulus, each of 
which produced a character is tic qual¬ 
ity and qiiontifcy of error. Billings 
and Shepard (5), 1910, studied change 
of heart rate with attention and de¬ 
cided that the primary effect was in 
the respiration rate, which in turn 
affected the heart rate. There is 
frequently restricted breathing with 
sensory attention, they assert, which 
decreavSes the heart rate; with central 
attention there is little change in 
breathing, but a slight tendency to 
increase. 

McOornas (47), 1911, made an in- 
teie.sting study of types of attention, 
using various kinds of material in a 
field exposed by means of a tacliisto- 
scope. He found, in general, two 
types of nttentional activity,—the 
broad and the narrow spanned. Sub¬ 
jects who wore Vjroad for visual were 
also broad for auditory span. Two 
other types were discovered—the alert, 
active, quickly contToiled, and the 
sluggish, the former being broad- 
spanned. Intcrcorrolation of the data, 
showed that l-hc ability to concentrate 
and inhibit did not appear to be closely 
related to any obhor marked traits of 
attention. Prager (04) worked on the 
relation between defects of attention 
and control of association and found 
that disturbances of functions in the 
two fields went hand in hand. In a 
study of the effect of alcohol on at¬ 
tention, Busch found a uaiTowing of 
tho field after 30 ce. of alcohol, (9). 

Tile relation betwcoti attention and 
breathing was reexamined by Suter 
(79), 1912, w'ho points out a difference 
beiiween stvain of atlcutinn and con¬ 
centration. FcilgciihaLicr (22) Ui this 


same year wo rim d on rate of change of 
attention with disparate stimuli (vis¬ 
ual and auditory). He found “the 
smallest active step of attention to be 
300 sigma, with little change of limits 
for different kinds of stimulation," 
He also discovered that the shifting of 
attention from stimulus to stimulus 
was smooth if stimuli were in the same 
realm, otherwise not, Rate of change, 
which, he thought, depended on the 
personality of the observers, could not 
he voluntarily accelerated, although it 
could be voluntarily slowed. Rate of 
change did not appear to be affected 
either by position of optical stimula¬ 
tion, direction of movement, or in¬ 
crease of stimulation. 

Five papers in 1913 dealt with direc¬ 
tion of attention. Fliigel, (24, 25), 
used figures drawn in double perspec¬ 
tive, and decided that direction of 
attention waa the prime factor in re¬ 
versal, and that local fatigue waa not 
of importance. Billings (6) measured 
the duration of attention to supra 
Uniinal stimuli and found the maximum 
much smaller than the so-called at¬ 
tention wave. His 21 subjects gave 
a median of 1.(59 seconds for duration 
of attention to a small object. Pills- 
bury (G6) points out that if eacl\ re¬ 
corded change in this case is thought 
of as two waves,—change, and aware¬ 
ness of change,—the resultant value 
corresponds approximately to Sher¬ 
rington’s refractory period of the re¬ 
flex, and also to “a number of times in 
different mental operations that have 
been referred to the attention wave, or 
that probably have approximately the 
same conditions in the nervous sys- 
toms." (G6, p. 169.) 

Martin, Paul and Welles (4(5), 1914, 
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testnd the validity of the use of the 
sensory threshold as nn index of the 
general state of the nervous system, 
comparing the threshold of the wink¬ 
ing reflex, secured by faradic atimiila- 
tion of a selected spot on the lower lid, 
with the sensory threshold for the same 
spot on the lid. Results showed that 
the reflex threshold tended to vary 
from its mean value less than the sen¬ 
sory lihreshold. The fact that "direc¬ 
tion of divergence” was nearly always 
the same for the two types of lirneii was 
talcen to mean that the attention, un¬ 
der the conditions of these expori- 
menta, manifested itself as a function 
of the condition of the higher brain 
centres. The authors conclude tliat 
the value of the sensory threshold de¬ 
pends on the state of the higher cen¬ 
tres and that the threshold n\ay justly 
be used as an indicator of such state. 
Woodrow (90), 1914, published a 
monograph on the measurement of 
attention which he followed with a 
paper In 1915 (91). He deals par¬ 
ticularly with reaction to surfaces with 
sharp outlines, witli and without the 
distraction of a warning signal oc- 
ciuring at irregular intervals before 
the atiiuulus. The conclusioji seems 
to be that irregular intervals of this 
nature increase reaction time, (pre¬ 
sumably because they do not coincide 
with the atlentiou wave), but have 
less cflfect when the outline of the 
stimulus is clear. 

In 1916, Woodrow (92) applied his 
method of distraction by means of 
irregular preparatory intervals to a 
study of the reactions of 12 subjects 
to touch, sound and light stimuli. His 
results led hiiu to conclude that I,he 
mode of stimulus is a condition of at¬ 


tention. Marlced individual dilTer- 
ences were found but thcs(i, although 
differing in jiiagnitiide for the several 
cases, were found to bo relatively the 
same for each type of stimulus. Wood- 
row concludes that "tlie degree of at¬ 
tention of cny indivl(l\ial is conditioned 
in part by certain general conditions 
wliicln remain c.onstant while the type 
of mental process concerned i.s varierl,” 
and tliat "it, i.s to these general condi¬ 
tions alom^, are clue the individual 
dilTerences in degree of attention 
foTind in the jiresent investign-tion,” 
(92, p. IU7), Curtis and Foster (12), 
also in 1910, studied the effect of 
changes in intensity and size upon the 
clearness of a Greek cross, and found 
that change in size has no clTect. 
Clark (11), 1910, conducted an ex¬ 
periment in visual imagery and atten¬ 
tion from which he concluded that (1) 
"changes in the clearuess of the image 
correspond, to an appreciable extent, 
to the inovcincuts of the eyes; that 
ocular niovement is more likely to 
occur ill vsccoudary attention than in 
primary or derived primary attention; 
and that characteristie oculn.r move¬ 
ments, and possibly gevunal motor 
attitudes aecrii l.o b(^ transferred from 
visual perception to visual imagery. 
(2 sul)jccts,) 

Morgan (54, 55), 1917, reexamined 
the problem of attention during dis¬ 
traction and found that although 13 of 
his 21 subjects suffered a brief diminu¬ 
tion ill capacity at t.lie beginning of dis¬ 
traction all l)Ut 4 finally gained. The 
mea,surement of incidental nioveinent.s 
showed that increased ciipacity was tlie 
re.sult of grea,(;ly increased force. 

McQiuuui (52), 1917, found no cor- 
rclatioii between the ability to distril)- 
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ute ill one tiisk and iu another, lie 
iiHcd the correlation method in the 
treatment of data obtained from 40 
school children. He concludes, from 
his study that the capacity to distrib¬ 
ute is specific, and adds that he found 
a low correlation between success in 
distribution and teachers' estimate of 
iatclligc.ncc. The coefficient of corre¬ 
lation is highest for tc.st8 requiring 
concentration, and is negative for 
motor tests- 

McGoinas (48), 1917, publishes an 
account of a new apparatus for record¬ 
ing continuous discrimination reac- 
tions, an apparatus very like the one 
used in connection with the present 
experiment. McCtjmas’ subjects re¬ 
acted to four differently colored lights 
by pressing dilfereut keys. The lights 
appeared upon an exposure screen and 
the instant one colored light was ex¬ 
tinguished another appeared. The 
order of appearanee was miscellaneous 
and not repeated for 60 exposures. 
The rate of exposure wn.a contTolled 
by the subject and the records were 
talccn oil on a smoked drum. “A 
marker in circuit with tlic armature 
of the clock registered each correct re¬ 
action, and a marker in circuit with 
the rciiclkin keys scored all reactions 
made." 

Lobsein (46), 1910, gave Hiinster- 
lierg's motormen’s test to 12 children 
as a meiLsure of attention and obtained 
a high correlation (r = .84) between 
Uitolligonce and the test results. His 
criterion of iiitelligeuco was the ability 
to meet new demands, (made by tests 
of lu.s own devising), quickly and ac¬ 
curately. Ho found, also, an inverse 
relation In'tween I'.xtent and cfhcimiey 
of atl.ention. 


Liddell (43), 1920, tested Ferree'a 
theory that attention waves are due to 
adaptation of the part of the retina 
stimulated and got no relation be¬ 
tween eye-movemcut and fluctuations 
of attention. Bowman (7), 1920, 
in a study of size va. intensity as a 
determinant of attention found that 
"the Left hand position is the more 
favored.” 

Fernberger (23), 1921, stresses the 
importance of range of visual appre¬ 
hension as distinguished from range of 
attention. He points out that the 
statistical limen is a more reliable and 
more readily determined measure of 
the latter than any of the classical 
methods of getting span, since “in the 
range of apprehension one is interested 
in determining the number of objects 
the correct apprehension of which has 
a probability of 0.5.” Pie finds that 
the observed relative frequencies of 
correct judgments follow a continuous 
function of ogive form, and that the 
individual limens in his experiment 
ranged from 6 to over 11 stimulus 
objects, (dots.) 

Dallenbacli (13, 14), 1922, com¬ 
pares position with intensity as a de¬ 
terminant of clearness and finds that 
“the left hand position and the posi¬ 
tion above have the attentional ad¬ 
vantage, and that the most advan¬ 
tageous position of all is the position 
to the left and below the point of 
fixation, 

McComas (49), 1922, used his con¬ 
tinuous discrimination apparatus as a 
measure of attention in an experiment 
with 11 adult subjects. In the treat¬ 
ment of the results he considers par¬ 
ticularly the relation between rigVi t and 
wrong reactions, assuming that “the 
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incrcnsp, of I,lie wrong roactions is an 
indica(,ioii that the siibjoct is riOyiiig 
less (ipon careful discrimination and 
choice of relictions and iriore upon 
chance^ (which thus) becomes the 
prominent factor in tlie aitutition.” 
(40, p. 7.) On the strength of tins 
assumption, all of the wrong reac¬ 
tions were regarded as chance re¬ 
actions, witli the prollability tdiat 
75 per cent of the chance reactions 
wer(i wrong. This, according to Mc- 
Comiis, left 25 per cent of chance re¬ 
actions which were right. He, there¬ 
fore, derived his scores by subtracting 
one-tbird of tli(‘ nninbor of wrong re- 
actioua from the total number of 
right-s. r>uring the past iviiitcr, the 
present \vri(:er has had many oppor- 
turdticH to note the great variety of 
circumstances which led, in the case 
of her five year old subjects, to the 
linal pressing of the wrong key. In 
the light of tlie children’s beluivior, 
McComas’ assumption of the nature of 
error seems somewliat unsatisfactory, 
and probably lessens the sigriilicance 
of bis conclusions. His subjects re¬ 
acted continuously for periods of len 
minutes, and the scores show "iriarkcd 
differences iu speed and accuracy of 
reaction and in the (ciriporal vnria- 
tions in these factons.’' Read ion 
linie,s were taken. 

Dockcray (IG), 1D22, reports experi¬ 
ments with the sounder test, which ho 
recommends highly as a test to deter¬ 
mine individual differences in abilily 
to overcome dislrudion. H. M. 
Wells, (87), 1922, notes tliat during a 
"choice” reaction there is a fall iu re¬ 
sistance, indicated by the psyclio- 
galvaaic rdJe.v. 

Griirith.s and Gordon (ill), 1924, 


go again into the que.sl ion of the rela¬ 
tion betwetai Tranbe-Hcring waves 
and attention rhythms and ijnd a 
slight correspondence, \vhich they nt- 
tributc to the vasomotor changes ac¬ 
companying at4.Dntion and the motor 
response.^ assodalcd ralhcr tluin to llic 
Traubc-Hcring rhythms tlieiiiKelves. 
Oehrn (62), 1924, repeatetl tiu? elo.ssient 
"range of attention’' experiment, ns- 
ing p.sychopliysical ])i‘oeedure, jind con¬ 
cluded that practice lendetl to increase 
the value of tin? tluaxsliold. 

H. M:. .lohnson, (;17), 1925, consid- 
(ii’s the "clearness" experiments of 
Ca.ssd:ind Dallenbaeh (10), and shows 
by furtUer statistical treatment of the 
original data tliat ''(be precision with 
which any jjarlieular value of clearnes.s, 
Y, can be inl'erreal i/'om Mie eorre- 
spondiug reaction lime, X, is but 3 
per cent gr(‘at(',r than (he precision 
based on a mere guess from (lie fivcrage 
h'fy—in other wortls” tliere is no 
proof here (as the authors claim) that 
the reaction time is ddermined cliieily, 
if not enl irely, by the degree of adju.sL- 
mont for recejilioii and resiion.se. 

For a I'csume of (he work done 1>(‘- 
Iween 1925 and 1928, Uu‘ reader is re- 
feried to Dalhmbach (15). Dalleii- 
haeh classifies the studies published 
during tlic.sn (liree years in four 
groups, as follows: 

I. Those coiicorned wIMi Ihi* dvlhudon. 

:iiul iiUrliiiaU' naUire of iittciUiuri. 

2 . 'TJiosi* (Jo a ling wi(tt sofoc aspect 

of the ^m h iv.s ninL’'!'', (UuO.iia- 

tiori, (.‘te. 

(J. T1ids(; that treat of iLtlenticia in rela¬ 
tion to otiier |»henotm'ii:L. 

A. TIjosi; tliiLt ari' loi:liiiolo;iit‘:d. 

Nothing rcijoi'ted iiader 1 i.s (if sfieeial 
infere.'^t in cuiiiH'el inn widi this ])a|Ha' 
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except possibly a bit of nursery sclioul 
research (Bcrtiaud) in which an at¬ 
tempt is made to differentiate between 
spontaneous and voluntary attention 
in 36 cliildreri rangiuK in age from two 
years two inontha to six ycara. The 
anthor of this investigation finds that 
the length of time, his children at¬ 
tended to a game varied greatly for 
different days. He reports an age and 
sex diffoience in the duration of this 
type of attention, and also finds that 
tlie means vary on different days of 
the week and on the days following 
holidays. One suspects that the meas¬ 
urements in these situations were 
affected by a good many other factors 
besides attention however defined. 

With respect to 2,—special aspects 
of attention,—Dalicnbach finds a wide 
range of studies of varying interest 
and iinportancc. There appears to be 
a marked tendency among experi¬ 
menters to agree that "the question of 
range is not a proper one to ask re¬ 
garding attention. The attentive con- 
is an, inlegraicd whole; and 
as such the range of attention is un¬ 
ity.'' It seems also to be agreed by 
most wu'itera that ao-called fluctua¬ 
tion of attention is a question of Ilmen. 
Dallonhach and Jolmson continue 
(heir debate on the problem of meas¬ 
urement, Dallenbach stressing again 
his thought that by a proper treatment 
of reaction times it may be possible to 
discover the relations existing between 
cleariie.ss and reaction. Sfcerzinger 
(7S) reports the msults of a study of 
distribii(:.ioii of attention. His sub¬ 
jects added continuously while listen¬ 
ing to the reading of a short story. 
The author corieludea that generaliza¬ 
tion from tJiis typo of experience is 


risky, since it is difficult to tell under 
such conditions whether one ig dealing 
with simultaneous op with rapidly 
shifting attention. 

Several papers during thia period 
dealt with the relation of attention to 
other phenomena, Dallenbacli’a third 
classification. Dallenbach describes 
an "attentional learning board" de¬ 
vised by Iloberfcs and Farnsworth. 
With this apparatus, the rapidity with 
which the problem is solved depends 
upon the subject's attention to details. 

Under 4, we find some discussion of 
tests of attention. Sterzinger (78) 
points out that such test results are 
significant only in so far as they teat 
special abilities. 

A paper by Skawran (75), is inter¬ 
esting in that it makes a more theo¬ 
retical attack upon the problem of at¬ 
tention, and contains the statement 
that "all volitional decisions (as in 
choice reactions) are to be attributed, 
in greater or less degree, to feelings and 
strain sensations." 

Verwoerd (84) in 1928, published a 
paper on the testing of distribution of 
attention. His subjects reacted to 
tlie flashing of stimulus lights by pres¬ 
sing corresponding telegraph keys. 
He found large individual differences 
in general efficiency and evenness, but 
concluded that the two were not cor¬ 
related. The nature of the set-up 
makes a detailed analysis of this re¬ 
lationship difficult if not impossible. 

In 1929 we find several studies of 
some importance, a number of them 
coming from German laboratories. 
Kindler (30) investigates training of 
attention, irking the Bourdon te.st for 
typing, adding, etc., and getting his 
subjects to report on intro.spections. 
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He concludes thiit training in certain 
aituatiuna ia possil)lc but that such 
training is influenced by a variety of 
conditioning factois. 

Knke (21) studies the splitting of 
attention in relation to eoiustitntioiial 
type, and finds that results are not in¬ 
fluenced by dillerences in the ages of 
the s\ibjocts. He infers from thi.s 
that age does not influeiiee the consti¬ 
tutional type. With this invcsliga- 
tion, Enke enters a fascinating tield 
and one but little explored. Studies 
of this kind are quite likely, even tually, 
to give us a technique for diagnosing 
in young children incipient psychotic 
trends. 

Wallon, in France (85) investigates 
the psycho-phy.sicul causes of inatten¬ 
tion in children. The n,uthor avoids 
the u.s(3 of the term attention as am- 
biguoim but liuds that “nearly all the 
causes leading to inattention are cor¬ 
related with motor di.sojdera." 

Perhaps, after all, this negative ap- 
[jroach gives us one of our best clues 
to the real nature of attention. The 
long attempt to subtrn.ct an attentive 
process from other mental proce.ss(‘H 
lias obviously failed. On t,lie other 
baud all of the cxperimcsatal work 
done, even tliose investigations based 
on the older Jiypotheses, seems to 
strengthen the major premise of mod¬ 
ern acicutilic psychology—the concept 
of an integrated organism reacting to 
stimulation as a whole. One now finds 
the terms “attcntioiiA “dominant 
pattern" and “integration" all used 
in the literature with essentially tlie 
same meaning to describe this totality 
of response. We piclc up the I,bread 
in our present study by making this 
our working definition. 


ORGANrZATION OF THE EXPEIlIMEN'r 

Re-^taienmit of objective.'^ 

The general purpose of this investi¬ 
gation has already been st.ated: We 
aimed to experiment with the pioblern 
of measurement, to study the quf:‘.stion 
of control, and to analyze certain indi- 
vidual di[lfercn(!(‘R in atlcntion to a 
given stimulus—respon.HO si (.nation. 
We defined attention as the integra¬ 
tion of aU relevani, processes, physio¬ 
logical .and pHyc.liologieal, in a total re¬ 
sponse pattern. Proeeeding from this 
definition, we, m:vde the fund-.unental 
assumption that a measure of elli- 
cieney in peiforiniiig a simple motor 
act is also a measure of attention. 

Method of approach 

The next atop was to find a response 
situation in which learning, fatigue and 
distraction were essentially non-opera¬ 
tive factors. The rc.HiJOnse must be 
selective, since it i.s this element of 
selectivity which diffeicntiatcs atten¬ 
tive beliavior from tlie prialonniiantly 
reflexive (ype. The familiar continu¬ 
ous reaction experiment seemed admir¬ 
ably suited to our purpose in l.luit it 
recjiiired a selective rejud ion; tlie learn¬ 
ing involved w:is extrcinely siin|)lc; 
and certainty and accuracy of resp(mse 
could be measured with relative ease. 

Apparalua 

The basic set-up chosen for this cx- 
perijnent was Dunlap’s LVN appara¬ 
tus described elsewhere in detail by 
the author, (20). This requires the 
sut)ject “to react to tlie (lashing of a 
row of miiiial.ure lamps by a specilic 
muveiiieni, in |•(dVreIleo to each hmii) 
in the row," (20). This "siiecitic 
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movement” is the pressing of one of a 
TOW of telegmph leeys corrosponciing 
to the row of lights. 

The equipment consists of three 
main parts,—tlic switchboard with 
the lights and the telegraph Iceys, the 
mechanism which controls the flashes, 
and the kymograph which records 
both stimuli and responses. 

Our switchljoaid was unique. In the 
original experiments tliis hit of the ap¬ 
paratus had for aiiiraulua lights 4 small 
incandescent Imlba arranged in a hori¬ 
zontal row. In order to make the ex¬ 
perience intrinsically interesting to 
our young svihjects wc placed these 
Inilbs lieAiind the eyes of two tin cats 
(identical twins) and fastened these 
cai-s side by aide in such a way that the 
bulbs were equidistant and in a hoii- 
zontal row. The cats were a neutral 
gray and were inonnted in a box lined 
whAi dark gray flannel 47 x 31 cm. on 
the side. (See plates 1 and 2.) Each 
cut was 15 cm, in height, and each eye 
2 } cm. in diameter. The eyes, as they 
ilashed, went a glowing green with 
small, round, red pupils. The chil¬ 
dren sat upon a stool facing the liglits 
in such a po.sition that the natural 
point of vi.sual fixation ivas a sjjot (not 
rnarkcfl) on the back of i,hc boxhalf way 
between the two middle lights. There 
was nothing within the range of vision 
that could compete with the light 
flashes in stimulus value. 

The side of the box upon which the 
cats were mounted was set upon a stage 
25 crn. above the table top on which 
we btiilt up fcliis part of the apparatus. 
Below the .slage we lined up tlio 4 tele¬ 
graph keys in such a way that each key 
wa.s 28 cm. below and iii ji. line with one 
of the eyes. The.sc keys were fixt'd in 


a vertical position so that to tap them 
the child pushed forward instead of 
down, Upon the tablo top, in front 
of the row of keys, we put a low plat¬ 
form 5 cm. high covered with the same 
gray flannel which lined the box. On 
this the children rested their forearms 
while reacting with the fingers. On 
the hand rest, under the flannel, in 
front of each pair of keys we fastened 
two little wooden cylinders, about 
where the hands would lie. These 
served the double purpose of support¬ 
ing the palms and of keeping the fingers 
from resting too near the keys. 

The flashing of the lights in the eyes 
of the cats was controlled by a machine 
made in the Hopkins Laboratories ac¬ 
cording to Dunlap’s specifications. 
Dunlap's description (20) follow^s: 

“(There arc) four contact wheels, cut 
from brass, with bakelite filling between the 
uontfict lands, Spring brushes resting on 
the peripheries of these wheels provide re¬ 
liable contaets and breaks, These contact 
wheels are rotated by four worm wheels 
on their respective shafts, all four worm 
wheels being driven from a single worm 
shaft, on which are cut, two worms, two worm 
wheels being driven from each worm. The 
worm wheels have rcBpectively 101, 103, 105 
and lO? teeth so that although the, sei'ieB 
represented by one wheel repeats itself after 
a certain number of ininutcSi the four series 
are steadily changing with relation to each 
other, and the four Berica return to their 
original relation only after 343, 824, and 705 

rotationa of the worm shaft.The 

stimuli may occur singly, or two, three or 
foul' may occur simultaneously. The lands 
of the contact wheels are of equal angular 
measure, but distributed on each wheel in a 
carefully planned irregularity. The length 
of time each stimulus lasts, (the length of 
time each lamp remains lighted), and the 
average interval be(,wuen Htinuili, in each of 
the four aoriGS is determined by the speed of 
tlic rutaLiun of tlie w'orm-shiift.'' (20, p. 
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137). The worm shfift is driven by “a syn¬ 
chronous motor of aRrefitly improved inodel, 
BO that the timing is extremely accurate/' 

The rate of stimulation was deter¬ 
mined in a more or less arbitrary 
fashion. Several five and six year old 
children were tried on the apparatirs 
before the experiment began in order 
to find out approximately how many 
flashes they could respond to in a work¬ 
ing minute without showing signs of 
distress. On the basis of these obser¬ 
vations the following rate was tenta¬ 
tively adopted: 4.5 flashes per key per 
minute, mean variation .12; average 
number of flashes for all keys per min¬ 
ute 18.05, mean variation 1.01. hlach 
flash lasted approximately two sec¬ 
onds. The apparatus was set for this 
speed for the first 4 subjects, but this 
initial rate proved to be too slow. The 
children learned the task quickly, and, 
naturally, lost interest during the seem¬ 
ingly long waits between flashes. It 
happened one day toward the end of 
these first aeries that the adjustment 
of the motor was disturlied in such a 
way as to double the number of atim\i- 
latlona per minute. The child react¬ 
ing was not diaturbed, producing, on 
the contrary an excellent record, Wc, 
therefore, discarded the first 4 sets of 
records from the main series and estab¬ 
lished a standard procedure aa follows; 
For the first three series, an initial rate 
of 4.5 flashes per key per minute, (m,v, 
.12); for series IV to X, double speed 
with an average of 10.4 flashes per key 
per minute, (m.v. .22), The duiution 
of the short flash was approximately 
one second. 

Stimuli and responses were regis¬ 
tered hy a kymograjdi of a model (de¬ 
signed and built in the Hopkins shop) 


which has 4 ink pen writings on contin¬ 
uous paper. This kymograph stands 
on the floor, on its own base. Each 
pen is hoolced up in a circuit with one 
stimulus light and the corresponding 
response key in such a way that we ob¬ 
tained the following records for each 
Beparalo light and key: ^'(1) A record 
of each stimulus whether reaci.ed to or 
not. (2) A record of each reaction 
to a .stimulus whether occurring before, 
during, or after the stimulus. (3) A 
record of each “wrong” reaction, each 
pressing of the wrong key.” (20, p. 
138.) 

Tl\e entire apparatus was set up in a 
small room, 5 feet, 5 inches by 0 feet, 6 
inches by 9 feet, which contained 
nothing else. Ventilation was by 
means of a window opening on an air 
shaft, and a door. The room was 
lighted by an electric bulb in the ceil¬ 
ing. The “Cat-box” was in a corner 
against a dull, buff-colored wall. Ky¬ 
mograph and motor were behind the 
reactors, and screened off. Fortun¬ 
ately both motor and kymograph 
worked with a minimum of noise. 

Subje cts 

Our subjects were 20 white, five 
year old children, 12 girls and 8 boys. 
Wc limited ourselves to an age range of 
two months, using only those children 
whom we could test within the month 
preceding or following the fifth birth¬ 
day. The difficulty of finding children 
of exactly the right age precluded the 
poB.sibiUty of selection on any otber 
basis. Public records of births, from 
which preliminary lists of five ye.ar olds 
might have been compiled, were nob 
available to us. It was necessary, 
therefore, to hunt up our suljjecls one 
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by one. Most of these finally came sought out populous streets and rang 
through teaehera in two public schools, the doov bells! 

through mothers in child study groups The group, as finally constituted, rep- 

TABLE 1 

DcscripfiDC data /or efxzh subject -in the ex-pCTimenial group 


Natiionivlity of All CliUdrcai American. 

Chronalogicfil Age of All ChildreQ: 5 years ±1 montli. 



l.q. 

TAL 

AOK 

UtlU- 
BBn or 

fJtlL- 

duen m 

VAMII.V 

POSITION 

or tins 1 

uiltLD irr 
FAJllLT 

tiniunij 

EXI'BIII- 

ENCI3 

NATOnE OF 
path BE'a 
OCCUPATION 

HrECtA.la 

infoumation 

Atin. 

12:1 

0-2 

2 

Ollier 

Kinder- 

Profcaflion 



1 




gar ten 



Amy. 

123 

1 0^2 

1 3 

Secood 

No 

Frofcesion 


Rertlia. 

1 103 

D-2 

1 1 


Kinder- 

Business 





1 


1 garten 



Iltitey.. — 

120 

6-0 

1 


Kinder- 

Business 







garten 



Brinton.. .. 

132 

6-6 

2 

Older 

No 

Business 


Bruce. 

' S3 

<^-2 

' 1 


No 

Business 


*CIirjfltine. 

1 130 

1 G-6 

1 I 


No 

Businees 


Deborah. 

145 

7-2 

1 1 

1 

Kinder- 

Profession 

Father dead, 






garten 


mother work- 








ing 

Dolly.. 

117 

5-10 

5 

YoUDECBt 

No 

1 Business 


Edith. .. 

80 

4r-0 

2 

Older 

No 

1 Mechanic 


Esther. 

145 ; 

7-2 

2 

Older 

No 

Business 


Harold... .. 

IX) 

A-fl 

2 

Younger 

No 

Business 


Jesaic. 

102 

5-2 

4 

Third 

No 

Profession 

Father dead. 








1 mother work- 




1 




1 ing 

John. 

105 

5-3 

1 f 


' No 

Business 

Parents di¬ 




1 

1 



vorced 

Laurn. 

123 , 

6~2 

3 

Younger 

No 

Busineas 


Martin. 

80 1 

4-0 

6 

Fourth 

No 

Street car 







1 

conductor 


Molly. 

113 

■5-8 

1 3 1 

Oldest 

Kinder¬ 

ProfesBion 



1 


1 


garten 1 



•Peter.' 

116 ' 

5-10 

2 ' 

Younger 

No ' 

BuBinesfl 


Robert.. 

105 1 

5^ 1 

4 ' 

Youngest 

No 

Busineas 


*Spciicer. 

113 ' 

5-S 1 

2 

Younger ' 

Kinder¬ 

Busineas ' 







garten 




* JuWiBh. 


and through membera of the Johns resented no one social level. The 
Hopkins faculty. When all other majority, 13, of the children were sons 
sources of supply failed to produce the and daughters of business men. Of 
right kind and number of children, we the remaining fathers, four were in 
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professional work, one, was a incchaiiic, 
and one a street railway conductor. 
In the remaining case, the father was 
dead. 

Nothing definite was known of the 
nature of family relationships in the 
homes from which our children came. 
In 18 cases the child appeared to be 
living in a nonnal home environment. 
In one case the child and her widowed 
mother made their home with maternal 
relatives, the mother working. Also 
in one case, the parents were divorced, 
—the child living with its mother. 
Three of the children came from a 
large, fashionable apartment house, 
two from homes of apparent poverty, 
the rest from nice, “average," Ameri¬ 
can families. Three of the youngsters 
were Jewish, the rest American Gen¬ 
tiles. Six subjects were only children. 
Five were already in kindergarten. 
This data are summarized in table 1. 
The names used in this report are 
fictitious. 

Daily 'program 

The experiment proper was, of 
course, the “working" of tlie Cats. 
In order to make the children’s ap¬ 
proach to the testing situation as easy 
and natural aa possible this “worldng 
the Cats” was not emphasized in any 
way but was presented to them, with¬ 
out particular comment, as one of the 
lessons in a varied school program, 

Through their mothers the young¬ 
sters were invited to attend two weeks 
of kindergarten, at the Univcisity, 
Although constant for each one, school 
time was not the same for all subjec(:s 
since in most cases our schedule.^ had 
to be adjusted to household routines. 
For t,he same reason it was impossible 


to have equal numbera in the groups. 
Five of our children came alone, the 
others in twos and threes. The test¬ 
ing period lasted for ten day.s, every 
effort being made to have these da 3 '^s 
consecutive. In only one case w\aa 
there a significant break in the series. 

The school program was carefully 
planned to establish rapport. The 
children were called for each day at 
the time agi'eed upon, brought to 
school in an automobile, divested of 
hats and wrap.s, and taken into (he 
"schoolroom." This “schoolrooni" 
wa.s, in fact, a corner of one of Llie big 
laboratories, screened off from the rest 
of the room. Here a rug, three small 
chairs, a long low tabic and one or two 
bright posters gave a workshop atmo.s- 
pliere to which the children responded 
readily; toys and constructive materi¬ 
als,—colored papers, crayoiiB, scissors, 
paste, etc., were kept nearby in a con¬ 
venient cupboard which formed one 
wall of our “room," 

On his first day of school, each child 
was given the Stanford Revision of the 
Binet Scale, and was allowed to make 
friends with the Cats. For the rest of 
the days of each series the schedule 
was about as fallows: 

1. Constniotion with paper. SOminutoB. 

The projcofcB were Bimple,—paper 
lanterns, posters, calondiiTS, etc. 
The children worked intently and 
ciirriefl home the finished objects 
with pride. This preliminary lesson 
period gave the youngsters time 
to adapt to the new envivtunnent, 
and secured a positive cooperation 
wliieh, in nil ca.ses, seemed to carry, 
over into the experimental situal.ion. 

2. Toileli 

3. ExperiTnont proixT,—'‘Working lim 

Catfj." 10 minutea 



270 


Beown : Measure of Attention 


‘L Stories and Kamea, 30 minutea 

Fro7n time to timt;, at this period, 
wc introduced certain ebanclardized 
perforinaucc testa, These gave ua 
(lati wliich will be used elsewhere 
in working up another napect of 
the experiment. They will not be 
referred to again in this paper. 

We were fortunate in beinj; able to 
win and to hold the interest of all of 
the children, each one of whom pro¬ 
tested vigorously when his two weeks 
of school were finally over. 

Experimenial proced itre 

The procedure outlined for the cx- 
poi’iuient proper was rigidly followed, 
When a child was first taken in to see 
the cats he was allowed to feel them, 
to look about the room, if he so de¬ 
sired, and to watch the eyes flash for a 
while. He was then set sciuarely on 
the stool facing the apparatus and 
instructed in this way: 

“You 860 those two tin cats? Each cat 
Eiaa two cyoa, hasn't it? And each eye 
sliiticH very bright when the Uttlo light goes 
on inaidc. Now look at Uioap. bvittona 
(pointing to the keys). There is one for 
each eye. Show me which one goes with 
this eye (pointing to the nrie in the extreme 
left). Which one goes with this eye? With 
thiaonc? Witli thiaonc? All right. Now, 
I vvaiib you to put your hands here—this 
finger on this button, this finger on this 
button (demonstrating for all four). You 
are to learn to press the right button as 
BOOH as you see the light in the cat's eye. 
Pri‘.‘)s each button just once, hard, all the 
way down, and let it right up. Now. 
Let's try!" 

A minute of preliminary practice 
was given, no reenrda being taken of 
this. The experimenter then ex¬ 
plained that, after working, the cats 
mu.st rest, and dropped the black 
curtain over the box. Aftfir one 


minute, the curtain was raised again 
and conniands were given sharply in 
the following order; “Hands ready.” 
'“Ready.” “Go.” At the word 
“Ready,” the experimenter pressed 
the button which started the kymo¬ 
graph. We did not time the warning 
signals, but tried, in each case, to 
catch the child at the first instant of 
apparent readiness after the hands 
were in place. 

Reactions were made continuously 
for one minute, timed with a stop 
watch. As soon as the minute was 
over, the experimenter called "Stop, 
Hands up,” stopped the kymognaph 
and let the curtain down over the 
eats. The child then rested for 60 
seconds, without getting down from 
his stool. Each series consisted of 
5 work minutes and 4 rest minutea in 
the order W—^R—W—R etc. A.s 
previously stated, one series a day was 
given for 10 days as nearly consecutive 
as possible- All of the children, except 
one who dropped out because of illness, 
ran through the 10 aeries. 

Instructiona were repeated at the 
beginning of each day's experiment 
for the first four or five days. One or 
two of the subjects found it difficult to 
grasp the idea of the task and, there¬ 
fore, received special help, on the first 
day, while the eyes were flashing. Af¬ 
ter the third day it seemed unneces¬ 
sary to repeat instructions, so the chil¬ 
dren were simply given a reminder at 
the beginning of the first work period 
on each day following: “You remem¬ 
ber what you do, don’t you?” During 
the running of a series, children were 
not addressed or interrupted unles.s 
extreme need arose for encouragement 
or control. 
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ETCSULTS 

The subjects were divided into two 
groups, A and B. Group A consists of 
the 4 children with whom the experi¬ 
ment was started. These subjects re¬ 
acted to the initial rate or stimulation 
(4 flashes per light per minute) through¬ 
out all ten of the scries. Aa has been 
stated, this rate proved loo slow to 
hold the interest of the children after 
learning was established. The Condi- 
1,ions of the expei’imeii 1; were, iliercForc, 
altered by doulding the original num¬ 
ber of light flashes per minute begin¬ 
ning with Series IV. 

This change in procedure made it. 
necessary to discard the first four seta 
of records. Inspection of these data 
shows that actual pciformancc was 
probably not much affected by rate 
of atinuilation within the given range. 
Curves of efficiency and variability 
take about the same form for the four 
*‘slow" children as they do for the 
youngsters in the inaln experimental 
group. The Icyinograph reading, 
however, can give no picture of the 
difficulty wc had in holding these chil¬ 
dren to their task. The dominant 
idea, sec^—light—push—buiLoii, was 
apparently not strong enough to span 
the relatively long waits between 
flashes. It seemed to fade about the 
middle of the interval leaving the 
youngsters receptive to all sorts of 
other stimuli,—to which they certainly 
responded. Every tack in the Cat 
box, every crack in the floor, every 
screw in the telegraph keys became 
astoundingly important, so that only 
the most extraordinary vigilance on 
the part of the experimenter licpt the 
apparatus intact and the subjects 
present either in bo<ly or in spirit. 


Our experience with Group A made 
it very clear to u.s that too little stimu¬ 
lation can be as disintegrating and de¬ 
structive in a learning situation as too 
much,—a finding which probably has 
considerable significance. No other 
conclusions were drawn from this part 
of the experiment, which does not 
enter further into the discussion of 
results. 

Group B coiisi.sts of the 16 cluldreii 
who performed the cxpoiiment accord¬ 
ing to revised technique. The data 
obtained from these records have been 
analyzed .statistically with reference 
to the throe main lino.s of interest 
sugge.sted in the statement of the gen¬ 
eral problem. The discussion which 
follows is based entirely upon the 
work of this group. 

Mcasurenmnl of aUeulion 

The value of ilio conclusion.s reached 
in tlii.s part of the study depend.s upon 
two things; 

1. Tbo validity of the aasmnption that 

attention meanH integration, and 

2. The accuracy of the method of .^coring 

devised. 

The more carefully we observed the 
children’s behavior the more inclined 
we were to fed that wc had a good 
working hypothesis. Without excep¬ 
tion, the subjects making the most 
sncce.ssful adaptation to the experi¬ 
mental situation presented the classic 
picture of attentive behavior. The 
body was still, held firmly but not 
rigidly in a po.sLtion of readiue.ss. The 
hands rested lightly on the supports, 
fingers flexed for the forward thrust, 
each nicely in line with ibs key. The 
eyes were fixed intently on a point 
midway between the two eats on a 
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level with the lights. One tclt, in the 
totul organltiim^ a complot-e readiness 
and a singleness of purpose. The lielit. 
flashed, was perceived. The child 
responded instantly, following the 
pattern which he had set, hut calling 
into play the special set of processes 


any one of these irrelevant bits of ac¬ 
tivity meant that a sub-group of pro¬ 
cesses was truant from the main con¬ 
stellation, and responding to other, 
more or less unrelated, stimuli. 

Obviously, in. this experimental 
situation, a measure of attention would 


Record of naaponsc 
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Omit ted 

0 

-20 

' UJ ^ 

Errors 

£ , 

-20 


FiQ. 1. EVA.TiUA'L'tQTi OF RBSTONBES 


liqiitr 
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Rd 

10 

Rd 
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Ri 
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E 

-20 



Total-s.. 


70 


35 


-6 


26 


Pig, 2, Sample Data Sheet 


involved in selecting the particular 
finger to press the proper key. 

Any clianges in the nature of the ro- 
sp(jn.-3e were on the negative side and 
rc.suLted in a less thiin pcnfcct pcvforin- 
ance, Talking, swinging the foot, 
lifting the hands, twisting the liead,—■ 


be a graded scale with a maximum 
score for a perfect response and a 
series of decreasing values for imper¬ 
fect responses, errors arvd omissions. 

The method of scoring was not de- 
eicled upon until after the first few 
sets of rccorcla had been critically 
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studied. This aniilysis aiiowr^d that 
the children were making 7 distinct 
types of response: 

1. Responflca entirely correct, 

2 . Responses which began correctly but 

were held tou long, i.o. after the flash 
was over. 

3. Rcaponsea which were incomplete. In 

those tiie keys were preB.sed only part 
way down, or were presBcd and re¬ 
leased just as the stimulus light 
went out. 

4. Rcaponsoa which w'ere correct, but 

repeated. 

6. Dcln 3 ''ed responses. 

6- Wrong responBCB. 

7. No res|)ouao at all. 

These recorded differences corre¬ 
sponded closely with the observed 
differences in the attentive behavior 
of the children. Each less Lhan per¬ 
fect respon.se meant that the child 
had failed to be aware of, or to adjust 
to, one or more significant factors in 
the total situation,—had failed to this 
extent to integrate all relevant pro¬ 
cesses,—to attend. 

A numerLcal equivalent was arbi¬ 
trarily given to each of these 7 kinds of 
reaction. For convenience in. scoring 
vve adopted a eoale with steps of 5, 
ranging from plus to minus 20. Fig. 1 
ahowa each type of response as it in¬ 
scribed itself upon the record, together 
with the symbol used to designate it 
and the value assigned. 

The records were marked on the 
original kymograph paper and then 
transferred to data sheets. These data 
sheets were arranged in such a way 
that one could see at a glance how 
many and what sorts of rcspoiiaes were 
made to each one of the stimulus lights 
during each one of the working min¬ 
utes. See fig. 2, By adding the fig¬ 


ures in the sepivratc columns, we were 
able to expre.ss numerically the tot.al 
value of the reactions made to any one 
of the lights, and thus, by inference, 
measure the. amount of attention which 
each light received. 

Entries on the data sheets were, of 
course, raw .scores, and did not in any 
way indicate the percentage of right¬ 
ness of individual responses. Raw 
scores were, ilierofore, converted into 
true (T) scores. Tliese true .scores arc 
quotients obtained by dividing the 
raw .score for a given interval by the 
liighesi; attain/i.ble score for the .same 
length of time. To get these perfect 
scores, we multiplied the actual num¬ 
ber of sLiruulaLiun.s occurring in the 
given interval by 20. 

lUustroiion: During Minute A, Series I, 
the ligiits flashed 10 times. A perfect re- 
Hponsc would be wurth 16 X 20, or 320 points. 
Actinilly the responses w^ere 20 in number,— 
S! perfect, 3 incomplete, G reduplicated, 2 
delayed, 4 errors. The total value of these 
(Sec fiR. 3) is 125. T fliiore for Minute A, 
Series I, is 125 divided by 320, or .39. 

The highest possible T score was 
1.00; the lowest possible, an indeter¬ 
minate minus depending on the 
amount of deduction for errors. 

Basic calculations were iiuulc as 
follows: 

1. T scores for each light for; (a) 
Each working minute, (b) Each .series. 

2. Mean T score.? for; (a) Each 
light for each minute, (b) All lights 
for each minute, (c) All lights for each 
series. 

3. Mean variation.s for : (a) Each 
light for each minute, (b) All lights 
for each minute, (c) All lighi.s for each 
series, 

There is a source of error in thcscor- 
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in other words, that performance was 
fairly even. A high mean variation, 
on the other hand, meant extreme 
differences in T scores fraiu minute to 
minute during the series. Inspection 
of these variability curves indicated 
that in every case there was a marked 
reduction in variability during the 
progress of the experiment. 

Composite curves of efficiency and 
variability show clearly the rise in the 


were studied from the standpoint of: 
(a) Distribution of attention to the 
several lights in the field, and (b) 
The influence of position of stimuli 
upon the stimulus value of individual 
lights. 

There were, because of the nature of 
the teat situation, 3 critical series in 
each full set of reactions,—I, IV, .’ind 
X. These represented the attack, 
adaptation to the changed rate of 


TASLE a 


Mean T scores /or key series 


NAME OP CHILD 


1 

IV 

X 

Beat. 


-1.95 

-.21 

.28 

.37 


1 - .01 

- .38 

,10 

,14 


.51 

-.06 

-62 

.54 


,42 

-.25 

.14 

.14 


.19 

.28 

.83 

.83 

Dolly. 

.46 

.00 

.61 

.61 


- .QG 

-,54 

- .47 

- .47 

Rather. 

- .60 

.20 

.27 

.42 

HiuoUI. 

-1.25 

- 31 

1 — 07 

- .07 

Jessie. 

— .73 

-.67 

1 -.56 

-.57 
.40 

— .79 ' 

— ,56 

John. .,., .. 

— ,98 ' 

-.53 

-.41 

Lrtura. 

— .03 

— .38 1 

1 ,42 

Martin.. 

-1,06 

-.68 

1 -.66 

Peter. 

— .23 

- .45 

-.20 

-.44 

.63 

- .19 

Robert. 

-1.61 

-.91 

-.35 

— .32 

Spftfieer. 

- .16 

.53 


Range for each seriea. 

-1.95 to .51 

-.91 to .38 

- .79 to ,83 

-.68 to .83 



first and the drop in the second for the 
group as a whole. See fig. 4. 

With these general trends in mind 
we analyzed the data in further detail, 
considering: 

1. The nature of progress in relation 
to certain key series for both efficiency 
and variability. 

2. Rclationsh i p,s im pi iei t in the dat a. 

3. Urulary responses to individual 
Blimuli (the separate lights). These 


stimulation, and the finish. Was X 
uniformly better than I? Was there 
a break at IV? Where were the best 
scores made? What was the range of 
initial mean scores, final mean scores, 
best mean scores? What was the 
range of scores for initial, final and low¬ 
est mean variability? At what point 
was variability reduced to ita lowest 
terms? We made some headway in 
all of those directions. 
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TALUiE 3 


Mea?i variations in T scores for Jccy series 


NAMS or CHILD 

B£Kl£H 

I 

IV 

X 

jQOBt 

Ada.. 

.46 

.09 

.05 

.05 

Bertha. 

.06 

.21 

.12 

.06 

Bruce. 

.17 

.17 

.10 

.10 

Christine... 

.12 

.16 

.13 

.10 

Deborah... 

.15 

.12 

.06 

.06 

Dolly. 

.10 

.15 

.15 

.15 

Edith. 

.23 

,19 

.09 

.07 

Esther. 

.48 

.19 

.20 

.04 

Harold. 

.41 

.OG 

.12 

.00 

•Tesyic. 

,37 

,in 

.13 

.11 

John. 

.28 

.08 

.21 

.08 

Laura. 

.23 

.06 

.04 

.04 

Martin... 

.38 

.1!) 

.11 

.09 

Peter. 

.23 

.00 

,08 

.06 

Robert. 

.29 

.15 

.23 

.05 

Spencer. 

.31 

.10 

,05 

.05 

Rjinffc for each series. 

.48 to. 06 

.21 to .06 

,23 bo .04 

q 

o 




TABLE 4 


Licsl scores for e^fficiency and variabiliti/ ui relation to the scries in lohich they occur 


Na,M]!^ Ul‘ C'UILI) 

BrnciKNCT 1 

VAUI.MIILI'I'V 

IJCHt BCoro 

Soritn in 
wliich Uu3 
ocoura 

BobL HCoru 

.Serins in 
which this 
occuru 

Ada. 

.37 

9 

-0.5 

10 

Bertiia.. 

.14 

7 

.05 

9 

Bruce. 

.54 

8 

.10 

10 

Chri.stine. 

.14 

10 

.10 

7 

Deborah. 

.83 

10 

.06 

10 

Dolly. 

.61 

10 

.15 

4 

Edith. 

- ,47 

10 

.07 

9 

Esther. 

.42 

9 

.04 

8 

Harold. 

-.07 

10 

.06 

4 

Jessie. 

— ,56 

10 

.11 

9 

John. 

-.41 

7 

.OR 

4 

Laura. 

.42 

7 

.04 

10 

Martin. 

-.68 

4 

.011 

9 

Peter. 

-.19 

a 

.06 

4 

Robert. 

-.32 

0 

.05 

7 

Spencer.. 

.53 

10 

.05 

10 
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TABtE S 


Disirihution of best scores according lo aeries 


eeniEa 

BrnclBNUY 1 

VABlADIUTlf 

Number 
of bCBt 
flCoroB 

Pfij-cenfc- 

OEO 

Number 
of beet 
Bcorca 

Porcen t- 

QgB 

4 

1 

.06 

4 

.25 

5 

0 

.00 

0 

.00 

C 

0 * 

.00 1 

0 

.00 

7 

3 

.19 

2 

.13 

8 

2 

.12 

1 

.06 

9 

3 

.10 

4 

.25 

10 

7 

.44 

5 

.31 

Totals.... 

16 

l.QO 

16 

1.00 


were higher than initial T scores for 
the same subjects. The rise, how¬ 
ever, was by no means regular. Spe¬ 
cial analysis of the first three series for 
all records shows that 10 of the curves 
rose rapidly, 1 remained on a plateau, 
and 5 went decidedly down. 

b. There was a decided break for 
every child between Series Til and IV. 
This did not mean the same thing in 
every case, however. Every one of 
the 10 subjects who gained rapidly 
for the first three days was set back 
when the rate was changed. The 


TABLE 0 

Changes in mean scares for efficieneg and variabiliiy with c/iange in rate of slimulaiion 


NAME OF CTTILD 

T ACOliEB | 

WEA>J VAtllATIDN 

SoNoa 

Bariua 

IV 

Gaiu 

LoflB 

Sorlea 

111 

ScricB 

iV 

Gain 

Lo8r 

Aclii. 

.45 

-.21 


1 

.18 

.09 

1 


Berthft. , . 

.07 

-.38 


1 

.13 

.21 


1 

Bruce... . 

.78 

-.06 


1 

.07 

.17 


1 

Christine. 

.25 

-.25 


1 

.19 

.16 

1 


Deborah. 

.85 

.28 


1 

,10 

.12 


1 

Dolly. .... 

.73 

,00 


1 

1 .09 

.15 


1 

Edith. 

-1.65 

-.54 

1 


.55 

,19 

1 


Esther... 


,20 


1 

.17 

.19 


I 

Harold. 

- .12 

-.31 


1 1 

.17 

.06 

, 1 


Jessie. . 

- .74 

-.67 

1 


.37 

.19 

1 ' 


John. . 

-1.60 

-.53 

1 


1,12 

.08 

1 


Laura. 

.32 

-.38 


1 

.17 

.06 1 

1 


Martin. 

-2.31 

-.68 

1 


.38 

.19 1 

1 


Peter. 

.18 

-.4.5 


1 

.11 

.06 

1 


Tlobert. 

-2.44 

-.91 

1 


1.22 

.15 

1 


Silencer. . 

.43 

- .35 


1 

.16 

.10 

1 


Total number gained or lost. 



5 

11 



11 

5 

Percentage. 



31% 

G9% 



69% 

31% 


1. Analysis of ihe Nature of Progress. 
(Tables 2 to G inclusive.) 

The general conclusioDS which were 
reached when the data were analyzed 
from this point of view may be slated 
a.s follows; 

a. In all instuncea, linal T scores 


child who had heretofore made no 
progress, began to gain. Of the 5 chil¬ 
dren who had been losing ground, 1 
conLinued on down hill, but 4 made 
significantly better score.s on the 
fourth day than on the tliird. 

c. There were two kinds of high 
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scores. There was the liigh mark ol;)- 
tained within the first three series Ijy 
the child who adapted iimnecliately 
to the task and took full advantage of 
the alow rate of stimulation to run up 
a good score. More important than 


tribiited themselves throughoul. the 
several series from IV to X, but tended 
to appear toward the end. Seven, or 
per cent, of them occurred in Series 
X. This probably indicates that most 
of the children were still improving in 


TA-IILE 7 

Correlations for each child helwcm ([(/‘ciencif atid varinhilihj, based on rank order co?rt}iarisons 
of daily mean T scores and dnibj mean variafA'ona 


Ada. 

Bertha... 
Bruce.... 
Clirifltine. 
Deborah. 

Dolly_ 

Edith_ 

Esther... 
Harold... 

Jessie_ 

John. 

Laura.... 
Martin... 
Peter..,. 
Robert... 
Spencer.. 


Mean, 

Range. 


.32 

±.20 

.29 

±20 

.81 

±.0H 

.15 

-±.22 

.64 

±13 

.21 

±.21 

.70 

±.U 

.82 

±.07 

-.03 

±.22 

.84 

±.07 

.82 

±.07 

.47 

±17 

,50 

±.17 

.18 

±.22 

.71 

±.11 

.38 

±.19 


.49 ±.i7 

-.03 ±.22 to .84 ±.07 


TABLE B 

hiicrcorrclalions belio('c?i mmn T rear as for 
key series 


! 

aKTlIEB OOtapAFiED 


P.E. 

Initial and Final. 

.G4 

± . 10 

Initial and Defat. 

.86 

±10 

Best and Final. 

.98 

±.01 



this was the highest T score obtained 
on the relatively long stretch betwccti 
IV and X after the rate of Btimulation 
was doubled. It is this latter which 
will be regarded as the best score and 
referred to as such throughout the rest 
of this paper. These best scores dis¬ 


TABI.B n 

/riJ(;jTon’rlrzLio7t« tr/wcen mtinn uarinhiiifi/ 
scores for key scries 


FflcniCB COMrATlli:J> 


p.n. 

Initial and Final. 

,09 
- .31 
.30 

±18 

±.16 

Trilfisil and Rest. 1 

Best and Final. 

± .15 




ability to attend the given situation 
when the experiment ended. 

d. The range of mean scores in each 
group was fairly wide. 

InitiiLl scoi-tif) ranged from —1.95 lo .51 
Final Rcnrcfi ranged from — .70 to .83 
tUiat scored ranged from — .GS to .83 
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The minus scores arc chiefly due to 
omissions and errors. Improvement 
means reduction of error and increasing 
accuracy in response. 

e. The range in variability of score 
ia as striking as the range in mean 
scores. 

luitiftl mean variationB range from .4& to ,06 
Final mean variations ranee from .23 to .04 
Lowest mean varintions range from .15 to .04 


TABLE 10 

IttfcrcorTcfafxflTis 5eiieccn ac circs for 
cfficiuncy and variahilitt/ 


MBA^Unsa COMTAKEP 

- 

P.E. 

InitiAl men.li T score and 
initial mean variability .. 

.81 

1 i,06 

Fin.al mean T score and 
final mean variability..., 

.40 

±.15 

Higheut mean T score and 
lowest mean variability.. 

.24 

±.17 


TABLE ll 

Correlations between l.Q.e and mean T scores 
/or key series 


MISAailllEO COMPARED 


P.E. 

I.Q. and initial mean T 



score. 

.30 

±.16 

I .Q. nnd final mean T score.. 1 

.60 

±.n 

I.Q. find beat mean T acore.. 

.60 

±. 11 


f. A study of the variability in score 
from series to series proved particu¬ 
larly interesting. Two children had 
records showing the lowest moan varia¬ 
tion in Series Ill. In all other cases, 
the lowest mean variation was attained 
ill a later series. These low variations 
were found somewhat earlier in the 
learning than the high scores for effici¬ 
ency. Four of thorn are in Series IV, 
and only 5, or 31 per cent, in Series 
X. Kvideutly the steadying dowii in. 


performance came before the high 
point in achievement was reached. 

2. Study of Relationships Implicit in 
the Data (tables 7 to 12 inclusive). Cer¬ 
tain questions of relationship next 
arose, suggested by the data already 
accumulated. Was the child who 
gave the best perfonnance in the be¬ 
ginning the child who finally achieved 
the best score, the highest final score? 
Was the child with the highest I.Q, 
the child who made the best initial 
score, the best score, the highest final 
score? With regard to variability, 
was the child who showed least varia- 


TABLE 12 

Correlations between I.Q.s and mean varia- 
bilitieft for hey series 



! ’• 

P.B, 

I.Q, and initial mean vari- 

.12 

±.17 

I.Q. and final mean vari- 1 
ability.. 

.09 

±.18 

I.Q. and lowest mean vari¬ 
ability . 

.36 

±.1B 



tion in the first series the child who 
showed least at the end? Was there 
any discoverable connection between 
initial scores and beat, i.e. lowe.st, 
scores for variability? What, in gen¬ 
eral, was the relation between efficiency 
in total performance and variability? 
Which is the better basis for predict¬ 
ing how a child of this age will fol¬ 
low through a task,—his I.Q. or the 
quality of his first attack upon the 
problem? 

Because of the small number of cases 
used in this study, any correlations 
calculated were bound to have large 
probable errors. Certain coefficients 
wore worked out by Pearson’s rank 
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order method^ however,—r = 1 — 

m^rzrry 

These measures are grosS; but prob¬ 
ably accurate enough to show tend¬ 
encies. The following coefheienta of 
correlation were obtained: 

a. The correlation between efficiency 
of performance and variability for each 
individual child. In 8, or 50 per cent, 
of the cases this correlation was. 50 or 
over; being ,80 or above in 4 instances. 
For at least half of the children, 
then, the best performancee tended 
to be the most even. 

b. Correlations between initial, final 
and best scores for performance. 
These show, in general, a tendency for 
the child who is successful on the first 
scries to be successful throughout. 
There is a very high correlation, .98 
=fc .01 between final score and best 
score, indicating that the last series 
was usually the best. 

c. Conclationa between initial, final, 
and lowest scores for mean variability. 
These show a negligible amount of co¬ 
incidence. The child whose approacli 
is erratic may pull himself together and 
later be quite steady. Correlation 
between scores for final variability and 
least variability is low, .39 zt .15, 
which suggests that the steadying 
down comes somewhere before the 
last scries. 

d. Correlations between group 
scores for efficiency and variability. 
These give a high positive correlation, 
.81 dz .06, between initial efficiency 
and initial variability, but nothing 
else significant. Just as, in individual 
cases, the best series tended to be the 
most even, so here for the group, the 
best initial performances tended to 


show the least variability. As the 
other correlations would lead one to 
suppose, there i.s a very slight relation¬ 
ship between final performance and 
final variability. One is somewhat at 
a loss, however, to explain the very 
low correlation, .24 zb ,17, between 
the very be.st scores and the lowest 
variabilities. 

e. Correlaiiona between I.Q. and 
efficiency, and between I.Q. and vari¬ 
ability. These would seem to indicate 
that ti\e I.Q. correlates fairly well 
with either beat or final performances 
(these correlate with each other), but 
not appreciably with any of the other 
mea.sures. A high I.Q. on this age 
level may be a good reason for ex- 
pectiti{^ ultimate .success with tins sort 
of proV>lern, but cloe.s not guarantee a 
good fir.st performance. Conclusions 
are tentative because of the relative 
unreliability of these early I.Q.’s. 

3. Detailed Aiialyais of Unitary Re- 
iiyon&es. The nature of the experi¬ 
mental set-up was peculiarly favorable 
for this part of the study. Report of 
the analysis follows: 

a. Distribution of attention to dis¬ 
parate .stimuli. It will bo remem¬ 
bered that adequate rn.sponsc to this 
teat situation involved a distribution 
of attention to 4 stimulus lights, and 
that the kymograph recorded the re¬ 
actions to these separiitely. On the 
data sheets these lights were numbered 
1, 2, 3, and 4 beginning with the light 
on the left. As previously explained, 
the score for cacli response to each 
flash was entered on the data .sheet 
under the number cori’csporidiiig to 
that light. In the scores for each 
work minute for each individual po.si- 
tion we thus had a iiurnerical measure 
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of distribution of attention which 
seemo,c\ fairly satisfactory. If light 1 
were found to have a consistently 
higher score than light 3, one would 
probably be juatifio.d in assuming that 
light 1 received a greater share of at¬ 
tention. If on the other hand, all 4 
lights received approximaicly equal 
scores, for a given interval^ one would 
assume that atention during that in¬ 


charts which represent the “distrib- 
utability” of each child for each day. 
(Table 13.) Inspection of these charts 
shows that in every single case there is 
a marked difference between the first 
and last coefficient, which must mean 
that an original tendency to concen¬ 
trate on one or two lights alone has 
been more or less overcome. The 
curves have the same general shape for 


TABLE 13 

/loerapes of the daily nii'.a.n mriations in scores for distribution of attention to each light for 
each minute 



1 

2 

3 

4 

5 

0 

7 

8 

I) 

10 

A-da. 

.73 

.37 

.29 

.20 

.25 

.28 

.21 

,25 


! .15 

Bcrtlift.. 

, .35 

.28 

.24 

.18 

,22 

.15 

.15 

1 .15 

1 .16 

.16 

Bruce. 

,19 

.13 

.14 

.22 

.16 

.12 

.16 

.15 

.10 

.16 

Christine... 

1 .28 

.20 

! .29 

.22 

1 -11 

.19 

.17 

' .14 

: .27 

.21 

Deborah.. 

.30 

.18 

.07 

.14 

.15 

.09 

.12 

1 

.13 

.19 

Dolly.-.... ■ 

.33 

.25 ' 

.16 

,28 ' 

.18 

.21 

1 .19 

.12 

.18 

.16 

Edith.. 

.21 

.39 

.62 

.24 

,15 

.28 

.23 

1 .18 

.23 

.22 

lOtiLlier. 

.69 1 

.30 1 

.26 

.24 1 

.22 

.15 

,15 

.15 

.12 

.12 

Ktirold.. 

.47 

.38 

.24 

.30 

.17 

.19 

.22 

.18 

,20 

.13 

Jessie. 


.42 

.63 

.22 

.16 

.23 

.19 

.19 

.18 

.25 

Jolin.. 

.43 

.49 

.47 

.18 

.39 

.27 

,24 

-32 

.40 

.39 

Lnuni.. 

.32 

.24 

.42 

.21 

.17 ' 

.20 

.18 

.16 ' 

.21 

.11 

Martin.... 

.73 

.47 

.78 

.20 

.32 

.22 

.22 

,24 

.31 

.13 

Peter. 

.29 

.34 

.29 

.13 

.16 

.16 

,20 

.21 

.12 

.1.8 

Rohert...,, 

.64 

.72 

1 .01 

.45 

.26 

.21 

,24 

.22 

.20 

.25 

iSpeiieer.... 

.34 

.20 

.18 

.20 

.25 

.16 

.16 

.13 

,22 

.09 


Ici’val was more or less evenly distrib¬ 
uted over the whole field. 

In order to obtain a measure of the 
variability in response to separate 
lights we proceeded as follows: We 
calculated the mean score per light per 
minute, and the mean Variation of 
these scores. Wo then computed the 
average of the mean variations for each 
day. l’hc.so averages we called coefli- 
cients of distriLmtion,—C.D. These 
averages arc the plotting points on 


all 16 subjects. In 15 of the cases we 
find a more or less abrupt drop through 
the first four days to a level upon 
which the rest of the plotting points 
fluctuate. Learning apparently takes 
place fairly rapidly. 

Since the first three days of each ex¬ 
periment were days of adjustment for 
the children, behavior was probably 
influenced by many extraneous factors 
which later ceased to operate. At any 
rate, the raw curves fluctuate ex- 
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tremely during this period. In order, 
therefore, to be as fair as possible in 
measuring the difierence between in¬ 
itial and final distribution of attention 
to this problem, we averaged the first 
coefficients of each series, and the last 
three for purposes of comparison. 
Obtaining, for each child, the actual 
difference and the percentage of differ¬ 
ence between these derived coeffi¬ 
cients (table 14), we find that (1) The 


each individual child, between meas¬ 
ures of distribution of attention and 
(a) Measures of efficiency, (b) Meas¬ 
ures of variability. 

These do not give conclusive re¬ 
sults. The correlations between effi¬ 
ciency and ability to distribute at¬ 
tention range from .93 =b .03 to —.81 
lb .08, average, roughly .49. In 7 of 
the cases the correlation is .50 or over. 
(Tabic 15.) 


TABLE 14 

Comparison of iniiial arid final variability in disi,rilmlio7i of altenlion lo the four lights. 
C.D. = coefficient of distribution. See text 


NAME OF child 

INITIAL C.D. 

FINAL C.D. 

GAIN 

OP oain 

Ada . 

.49 

.21 

.25 

.54 

Bertha. 

.29 

.16 

.13 

.45 

Bruce. . . .. 

.15 

.14 

1 ,01 

.07 

Chriatine. . . 

.26 

.21 

’ .05 

.19 

Deborah. 

.19 

1 .11 

1 .08 

.42 

Dolly. 

.25 

.15 

.10 

.40 

Edith. 

.33 

.21 


.45 

Esther. 

,41 

' .13 1 

' .28 

.68 

Harold. .. 

.35 

.19 

,16 

.45 

Jesaie* . . . 

.53* 

.21 

,32 

.60 

John . 

.40 

.37 

.09 

.20 

Laura .... 

.33 

.10 

.17 

.51 

Martin. 

.60 

,23 1 

.43 1 

.65 

Peter.. . ... 

.30 

.17 1 

.13 

.43 

Robert. 

.79 

.22 

,57 

.72 

Spencer. 

.20 

,15 1 

1 

.42 


* Based on 9 Series, (li to X inclusive). 


percentage of reduction ranges from 
7 per cent to 72 per cent, and that 
(2) The average drop in variability 
in score for separate lights is 45 per 
cent. 

In order to relate this finding to 
other measures already obtained the 
following correlations were calculated, 
the rank order method again being 
used. 

1. The correlation, in the case of 


The correlations between variability 
in performance and ability to di.sti'ib- 
ute attention range from .90 zh .04 to 
- ,27 .21. The average is approvi- 

matcly .74. Here with 8 of the chil¬ 
dren the correlation is .50 or over. 
See table 15. 

2. Correlations, for the group, be¬ 
tween rncasure.s of efficiency and dis¬ 
tribution of attention. These are all 
positive, and fairly high, (table IG.) 
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3. Correlations, for the group, be- the scores for mean variability on the 

tween measures of variabUity and dia- initial series, and the initial coefR- 


TABLE 16 

Corrdnlionn for each child between daily mean variation in distribution of attention and daily 
mean measures of efficiency and variability 


namk or 

COnllBiiATIOWa aETWKBN 
DAIM’ mean X UCOUKB 

AND DAILY MEAN VAlltATIONB 
IN UIBTUtnuTION OF 
attention 

rODnBLATlONB BETWBBN 
DAILY MEAN VAHIA'l'IONS IN T 
RCOnu AND DAIUY MEAN 
VAnlATlONB IN mBTHIBUTrON 
OF ATTENTION 


r 

P.E. 

r 

P.E. 


,3S 

±.19 

1 .90 

±,04 


1 .22 

±.21 

-.25 

±,2l 


.36 

±,20 

.47 

±.17 


-^.38 

±.19 1 

-.27 

±.21 


.65 1 

±.16 

.12 

±.22 

Dolly... 


±.21 , 

.44 

±.18 

EdiUi.. 

-66 , 

=t.l3 , 

.67 

±.12 

Estluir., ... , ,. 

.64 

±,13 

.60 

±.14 

Harold. 

.16 

±.22 

.43 ' 

±.18 


.26 

±.22 

.50 

±.10 


.93 

±.Q3 

.90 

±.04 

Ijfturii.... 

.36 

±.10 

.61 

±.I6 

Martin. 

.78 

±,09 

.45 

±.16 

Pctfir... 

-.81 

±.08 

.04 

±,22 

Robert. 

.83 

±.07 

.76 

±.10 

P ‘ 

.66 

±.15 

.69 

±.15 



*Ui»a«d Ott 9 Series ouly, II to X inclnalve. 


TABLE 10 

Corrvlutirms between dtiily ineaji variations in 
distribrHion of nilention and mean T 
Acoj't! for key series 


M K \H U U E.*! COMl'AHK O 


P.E. 

Initiid inc.aii distribution of 



attention and initial 




.78 

±.13 

Pinal mean distri])utiun of 

attention and final mean 
T ftcores. 

.54 

±,13 

Be.tst mean distribution oC 

attention and be.st mean 
T Slid res. 

,77 

±.07 



tributioii of attention. Two of these 
are [) 0 .sitivo find one not sigiiilicaiit 
(table 17). The correlation boLwoen 


table 17 

Correlations between daily mean variations in 
disirihiition of attention and mean varia¬ 
tions in T scores for key scries 


MEABUHES CIOUFAUBD | t j 

P.E. 

Initial mean distribution of 
attention and initial 

.71 

±.09 

Final mean distribution of 
attention and final 

variability. 

,48 

±,13 

Beat Tnt,An disiribnUon of 
aLtentiou and lowest 
variability. 

.08 

±.17 




cients of distribution is fairly high, 
.71 ±,09. There is no correlation, for 
the group, between the scores for low- 
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cst variability and most oven distri¬ 
bution. This may be because it is 
possible to give well distributed atten¬ 
tion to a total stimulus pattern for one 
testing minute, and yet be essentially 
inattentive to the whole situation the 
next, which would mean a high varia¬ 
bility for the series even though the 
coefficient of distribution were very 
low, 

4. Correlations between T.Q. and 
ability to distribute attention arc all 
low. Here again the significance of 
the findings is not clear because of the 
well known unreliability of the I,Q. 
in these early age ranges, (table 18). 


TABLE la 

Correlatio7ia between I.Q. and ability to 
distribute attention 


AICABCRSS caMPAnSD 

! r 

1 P.E. 

I.Q. and initial mean dis¬ 
tribution of attention.... 

,07 

±.18 

I.Q. and final mean distri¬ 
bution of attention. I 

.05 

±.17 

I.Q, and beat mean distri¬ 
bution of attention., . , . 

,42 

±.14 


Evidently it is possible to learn to 
distribute attention fairly evenly over 
a number of elements in a given field. 
It also seems to be true that whatever 
the I,Q. measures in these particular 
children does not help them much in 
learning to adjust well to a complica¬ 
tion of stimuli. It would be extremely 
interesting to know what capacities do 
facilitate such an adaptation and what 
limits the extent to which this can be 
accomplished. 

b. Influence of position of stimuli 
upon attention. In order to deter¬ 
mine whether or not the position of any 
given light influenced its stimulus 


value, WG analyzed the reactions to the 
various fla.shes in terms of theoretical 
probability. Did any particular light 
tend to receive the highest score.s, 
i.G. the' largest number of correct re¬ 
sponses? To determine this we 
ranked each light for each work min¬ 
ute according to excellence of score, 
rank 1 being the highest score obtained 
during one work minute by any one 
light. We then constructed a 16-fold 

TABLE 10 

Contingency table ahowing the relation be¬ 
tween the theoretical and observed frcmienoy 
with which each light occupied a given rank 
according to exctUcncc of score. See text 



1 POSITION or I-lCIU't 

I 

2 

3 

4 

1 / 

m 

1 ^Ofi 


1 SOS 


223.6 

147.5 

222 

230 

2 ( 

m 

208 

S08 

SOS 


223 

215 

198 

lOG 


1 

m 

SOS 

SOS 

SOS 

' i 

213 

20D 1 

218,5 1 

191.5 

4 i 

m 


SOS 

SOS 

^ \ 

172.5 

2C0.5 

193.6 

205 5 


Top figure (itiUics) in eixcli cell => thco- 
Tctictil frequency. Lower figure — obaerved 
frequency. 


table in which we entered each light 
once for every response according to 
rank and number, (table 19). ''Fhe 
theoretical probability that any given 
light will appear in any one of the four 
ranks is the same for each, since the 
number of items (respon.ses) i.s suffi¬ 
ciently large (3328). Thts theoretical 
frequency was calculated and entered 
in the cells, (figures in italics). Tiro 
comparison with the theoretical fre- 
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quency of ihe actual number of times 
tlisit t.lic given stimulus light actually 
occupied a given itinlc shows that re¬ 
sponses to individual lights follow 
fairly closely a chance distribution. 
The coefRctent of contingency haa not 
heeii calculated for the entire table 
since iiiapecLioii of separate cell con¬ 
tingencies seems to show th.at the posi¬ 
tion of the stimulus light does not have 
a determining influence iu direciing 
the nttontion of those young children 
in this experimental situntion. There 
i.s a alight tendency to favor the right, 
and a somewhat more pronounced 
tendency for the second light from the 
left to V)e neglected. 

l?idinidual di^fferencea 

Throughout the experiment, individ¬ 
ual dilTerenccs in the behavior of the 
childrrai 'were striking. In so far as 
tlie.se could be analyzed they seemed 
to bo due to fundamental differences in 
personality dcvelopnicnt or to emo¬ 
tional upsets resulting from experiences 
outside of the laboratory. Previous 
training in obedience, cobperatioii and 
self-control helped far more than, a high 
I.Q. in meeting tlu.s new situation. 
Two eliildreii who seemed especially 
well iaugVit iu tlH>se respeels showed 
remarkably even distribution of atten¬ 
tion on the first testing day although 
one I,Q. was 83 and the other 145. 
Another child with an I.Q. of 145 
Bcaltered extremely during the first 
three series and learned very slowly 
to at lend to the total stiinulu.'? pat¬ 
tern. 

The emotional upsct.s were pro¬ 
foundly cUslurhing to lUe experiment, 
but in nio.st ca.ses we did not know our 
children well (3nough lu bti sure of the 


ctuKses. In some instances, however, 
wc know enough about the home situa¬ 
tions to be able to guess at the reasons 
for a child’s disorganization. Theupa 
and downs in all of Christine’s curves 
are a more or less accurate picture of a 
prolonged excitement over the coming 
of a new baby. The abrupt rise on 
her chart, showing very poor control 
of attention on the eighth day, coin- 
cidea with the arrival of the infant. 
Bertha is a child who comes from a 
home in which there was constant 
friction between the parents. She was 
a sensitive child who was rapidly 
becoming neurotic in her attempt to 
adjust to the stresses and strains of a 
chaotic environment. Constant jar¬ 
ring kept the child so stirred that she 
was never able to make a satisfactory 
adjustment to the experiment. Harold 
was a totally undisciplined little boy 
who ruled his family by temper tan¬ 
trums. Thwarting in any way de¬ 
moralized hi.s powers of self-organiza¬ 
tion and affected the quality of his 
attention to a marked degree. 

One important factor in the handling 
of these children did not receive ade¬ 
quate cuiisidei ation. We had no good 
check on physical condition, and were 
not able to arrange for one. We, 
therefore, do not know to what extent 
possible organic disturbances may 
have influenced response. It is true 
that the one child who was obviously 
ill with a cold during most of his ex¬ 
periment made very satisfactory prog¬ 
ress, both in efficiency of total per¬ 
formance and iu learning to control 
distribution of attention. 

We were interested to discover that, 
even with these young children, the 
intensity of the overt behaviour was 
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not a reliable indication of the real 
extent of the emotional disturbance. 
In one or two instances an erratic 
record on the kymograph was our first 
clue to a profound distress of spirit 
which later expressed itself in bitter 
tears. 

One hesitates to generalize on the 
basis of so little real evidence, yet it 
seems clear, from these observations, 



CuaVEB roll EitPICIENCY, VAUIA-mElTY 
AND Power to Distribute Attention 

. Meun Scores for Distribution of 

Atteation (Distributiibility);-Moan 

Variations (Variability);-Mean T 

Scores (Efliciency). 

that a condition of emotional stability 
is csseuLial for the development and 
control of attention. 

SUMMARY AND CONCLUSTONH 

In this study of attention in five 
year old children we have defined at¬ 
tention as integration, or integrated 
state. On the basis of this definition, 
we have assumed that one is measuring 
atteation if one measures adequacy of 


response. Wo have here attempted 
to measure surdi adequacy in n, situa¬ 
tion involving cnntinuou .5 discrimina¬ 
tive reaction to four stimulus lights. 

We have found that: 

1. All children tested improved in 
their ability to perform the i.ask re¬ 
quired. 

2. This improvement was closely 
accompanied by reduction in varia¬ 
bility of performance. 


TABLU 20 

Rrcnpiinlatioji of vican scores for cfficiencj/^ 
variabilitij, and power io diHriimtc allejiUon 



MEAN T 
HLOHES 

UAILT mean 
VAIIJ ATION 
IK T SCOUEa 

VAILIATIOKH 
IK niHTJlT- 
BUTION OK 
ATTENTION 

1 

-.52 

.27 

.40 

2 

-.31 

.27 

.34 

3 

-.28 

.32 

.37 

4 

-.33 

.14 

.22 

5 1 

-.21 

.14 

.21 

6 

-.16 

.16 

.19 

7 1 

-.09 

.11 

.19 

R 

-.03 

.14 

.18 

9 

-.06 

.13 

.21 

10 

+ .04 

,12 

.17 


d. Both variability and level of final 
achievement appear to be functions 
of the ability to distrilmto attention 
over a field, an ability which is, in it¬ 
self, a point of individual difference 
and subject to modification. 

4. There is no evidence that posi¬ 
tion is a determinant of attonf.iou. The 
picture is, rather, one of original fixa¬ 
tion on one or move del,ails (in this 
case, one of the four positions) with a 
gradual apprehension and conlvul of 
all the elcinents involved. 

5, A condition of emotional slal>il- 
ity appear.s to be essential for success- 
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ful TfiapoMsc in. all situations requiring 
concentration of attention. 

Big.-4 (table 20) gives a complete 
Hummary of the whole experiment. It 
shows, in a striking way, the conver¬ 


gence of the three curves represent¬ 
ing efficiency, variability a.nd power 
to distribute attention. One cannot 
escape the conclusion that the three 
have a functional relationship. 
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The Acquisition of Motor Skill in 
Young Children 

II. The Influence of Specific and of General Practice 
on Motor Skill' 

J, Allan Hicks 


A RECENT paper (3) gave a re¬ 
port of a study of soino aspects 
of the development of motor co¬ 
ordination in young children as meas¬ 
ured by the moving target lest. From 
t.hc analysis of the data on this test it 
WHS found that both a practice and a 
control group made gains in average 
scoi’trs from the initial to the final tests, 
but that the difference id gains was not 
significant. These results were inter¬ 
preted as an iiidication that the im¬ 
provement in motor ability found in 
both groups probably resulted primarily 
from the operation of common factors 
such as structural rnaiiiration and gen¬ 
eral practice wdiich had a direct bearing 
on I, he specific skill. On the moving 
target test investigation GO children, in¬ 
cluding 12 three-year-olds, 18 Eour- 
YCar-olds, IS five-year-olds, and 12 sLx- 
ycar-olda were divided into 2 groups of 
3t) children each so that the average 
scores and the standard deviations of 
the scoro.s were e(iiial for the 2 groups. 
Roth groups were also m.adc comparable 
in age and sex distribuLions. One 

> This study wiis compUited while thu au- 
tUoi was 11 fic.Uohu’ iu child development ut 
tUi; Nutioriiil Rcscaridi Ck3UUiiU at tliu Iowa 
Child Welfare Ucscareh Station, 


group—the practice group—repeated 
the test once a week for eight weeks, 
while the otherr—the control group— 
was not tested during tliis period. At 
the end of this period both groups re¬ 
peated the test twice on successive 
weeks. In no case was a child in¬ 
structed in techniques of improving 
skill in throwing. 

The present paper is a report of n 
study carried on parallel with the 
moving target investigation which also 
bears upon the problem of the relation 
of apecific practice to the increase of 
motor skill. Three motor tests—-the 
strength (2), the perforation (1), and 
the tracing path (4), were each given 
twice to the same children used in the 
target ipvcatigation—once during the 
period when the initial target test was 
given and again when the final target 
teat was given. In order to make the 
changes in scores on the 4 testa compar¬ 
able the time between the first and last 
tests was kept as nearly equal as pos¬ 
sible for each child. The average lapse 
of time for the practice group on the 
four tests was 83 days and for the con¬ 
trol 82 days. 

The object in giving the strength, 
perforation and tracing path tests was 
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to compare the gains of children on 
motor tests on which they were not 
practiced with their gains on the target 
test on which half were given specific 
practice and half were not. As score 
units on the different tests are not di¬ 
rectly comparable the results were 
evaluated by expressing the gain as a 
multiple of the standard deviation on 
the initial test. 

As the strength^ perforation and 
tracing path tests have been described 
in detail by the investigators designing 
them, Blackhurst (2), Baldwin and 
Siecher (1) and Wellman (4), they will 
be but briefly summarized in this paper. 

strength test 

The strength test was devised to 
measure strength of arm and shoulder 
pull. The cliild is required to lift 
weights weighing 15f pounds a set from 
the floor by pulling downward on a rope 
and puUy arrangement which gives a 
mechanical advantage of two to one. 
The child first pulls with his right arm 
alone, then with his left alone and 
finally with both arms at the same time 
on separate seta of weights. This pro- 
cedui’e is repeated 3 times. The num¬ 
ber of centimeters the child lifts the 
weights from the floor is recorded as the 
score. 

PEEFORATION TEST 

The perforation test measures the 
motor coordination required to punch 
out small broken circles on a piece of 
ordinary bond paper containing 50 
such broken circles arranged in checker 
board fashion. The paper is held taut 
between 2 frames clamped to the table 
so that the child can readily punch out 
the holes with a small stick. The score 


is the average number of hole.? punched 
out in 3 trials of 1 minute each. 

TRACING PATH 

The child is required to draw a liue 
with a pencil between 2 iniuted lines 
25 cm. long and 5 mm. apart at one end 
and 1 mm. apart at the other. In the 
present study four of the directions 
reported by Wellman were irsed and for 
the preferred hand only. The Bequoriee 
of directions repeated three times for 
each test was: (1) vertical ami down¬ 
ward, (2) horizontal and to the light, 
(3) horizontal and to the left, (4) diag¬ 
onal and downward to the riglit. The 
score on this test is the percent of the 
child’s line which is within the traeiug 
path. 

RESULTS 

Table 1 gives the average scores on 
the initial and final tests and the gains 
in average scores for the moving target, 
strength, perforation and tracing paili 
teats. The group designated as the 
practice group for cacli test is the gi'Oiip 
of 30 children who were given weekly 
practice on the target test. As previ¬ 
ously explained, the g.-iins are given 
both in score units and as multiples 
of the standard deviation on tlie fiivst 
test. The table also gives the differ¬ 
ence in gains of the practice and con¬ 
trol groups in score units for each of the 
four tests with the statistical reliability 
of the difference. 

An explanation of each column in 
this table, as nurubcicd, follows; 

1, Group; The results for the prac¬ 
tice group are given in (comparison \^ ith 
the results for the control group for 
the difierent tesU. Tlie grou]) de.dg- 
nated as the practice group on tine 
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stren|T(li, pei-foraiioii and tracing path 
tcrsts is the group given weekly practice 
only on the target teat. The composite 
results of the children in both groups 
are also given. 

2. Number; The number of children 
in c;i(;h group. The records are for the 
sairio children on the different tests. 

3. Mean 2; The average score made 
by (‘iich group on the final test. For 
the moving target test the score of an 
individual was the average of 10 throws 
at 1 he target. The aeove for each throw 
wii.s obtained by subtracting from 25 
the nuiiibcr of inches from the center 
of the target that the ball struck. For 
the strength test an individuars ecorc 
was the av^erage pull in centimeters of 
3 trials with the right arm alone; for 
tile iierforation test, the average num¬ 
ber of hole.s punched in 3 successive 
trials; and for the tracing patli test, 
the average {lereent of the child's line 
witliin the path on 3 trials on each of 
the four directions previously men¬ 
tioned. 

4. Mean 1: The same as column 3 
cxcejit tile data are for the initial tests 
in each case. 

5. Gain; The gain in score units ob- 
ta in tai 1 ly subl.nic t i n g i nc^a n 1 from me an 
2 for each group. For examplt^, tlu^se 
rcBuUs show for the targeli test that 
on I,be average l.he GO ehildien threw 
l.G inches closer to the center on the 
final te.st than on the initial test. On 
the strength te.st the children pulled up 
the weighu 3.5 centimeters farther; on 
the perforation test they puradiod out 
7.2 more holes; and on the tracing path 
they iimrkcd out of llie paths 1.1 per- 
e<;nt more. 

0. K. 1). Dist. 1; The .standard de¬ 
viation of the disirlbuLioii of scores on 


the first test, or the measure of digres¬ 
sion of scores from mean 1. 

7. Gain -i~ S. D, Dist. 1: Column 5 
divided by column 6. This gives the 
gain of each group on each test in terms 
of the standard deviation on the initial 
test. Assuming comparable distri¬ 
butions of talent for the groups under 
comparison, this gives a measure which 
is independent of different score units 
and BO directly comparable for different 
tests. 

8. S. D. of gain: The standard de¬ 
viation of tlie gain given in column 5 
as obtained by use of the formula for 
correlated measures, 

yDiff. = 

"v/ -y® Av. i Av. 2-2rl2 7 Av. 1 y Av. 2 

The correlation coefFicLcnts betv^een 
initial and final scores of three to six- 
year-old children which were used to 
compute the standard deviations of 
gains were as follows: 


TKST 

anoui- 

P 

CO E met K NT 

Movii^c target ^ 

Practice 

30 

.87 i,03 

Moving turget 

Control 

30 

.70 zfc .OG 

Moving turget 

Combined 

GO 

.70 db .04 

Strength 

1 Practice 

30 

.91 ±02 

Strengtli 

1 Control 1 

30 i 

.90d=.02 

Strength 

Combined 

GO 

.91 ±.02 

Perforation , 

Practice 

30 

,78 ±.05 

Perforation 

Control 

30 

.60 ±.08 

Perforniiun 

Combined 

60 

.66 ± 05 

Tracing path 

Practice 

30 

.87 ±.03 

Tracing path 

Control 

30 

.93 ±,02 

Trucing path 1 

Combined 

60 

.91 ±.02 


9, Gain -4- S. D. of gain: Column 5 
divided by column 8. This gives a di- 
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rcct compariBon of the size of the gain 
relative to its standard deviation. If 
tins quotient is approximately 3.0, the 
gain may usually be considered statis¬ 
tically significant. 

10. Diff. in gains: The gross gain of 
the practice group (column 5) minus 
the gross gain of the control group 


The sigmas of gains in column 8 wore 
used- 

12, Diff, in gain S. D. of difli: 
Column 10 divided by column 11. 
This is a measure of the statistical 
reliability of the difference in gains be¬ 
tween the practice and control groups. 
When table 1 is examined in detail 


TARTiE I 

Increase in skill on mn{.()T tests with ajid without specific practice. 


(1) 

(2) 

(3) 

(4) 

(5) 

CO 1 

<’> 1 

(B) 1 

{») 

(10) 1 

(II) 1 

(12) 

oriour 

I 


N 


a 


a 

fl 

g 

o 

q 



!?, 

i 

S JO 

K 

3 

i' 

P 


S 



li 









Rl 

[/) 


Moviug target test 



30 

13.6 

11 7 

1 9 

5 7 

0,33 

0.23 

0.29 

0 33 1 

3 2 





30 

13,0 

11.7 

1.3 

5 6 

0,73 

0.52 

1 8 

0.6 

0.95 

0.63 

All .' 

60 

13.3 

11.7 

1.6 

1 6.6 

3.1 





Strength teat 


30 

27.7 

24.5 

3,2 

12.5 

0 26 

0 94 

3.4 





30 

24.2 

20.4' 

3 a 

10 6 

0 36 

0,86 

4.4 

-0.6 

1.27 

-0.47 

All. 

60 

25.9 

22.4 

3.5 

11.8 

0.30 

0.64 

5^ 






Perforation test 


Practice. 

30 

38.7 

33,3 

5.4 

7.9 ' 

0.68 

1.04 

5.2 




Control. 

30 

36 a 

28.0 

8.8 

7.6 

I.IG 

1.50 

5 9 

-3.4 

1.83 

-1,86 

All. 

60 , 

37.8 

30.6 

7 . 2 ’ 

8.2 , 

0.88 

0,98 

7,3 





Tracing patli test 



30 

76.5 

78.6' 

—2,1 

17.8 

-0 12 

1.57 

-1.3 




Control.... . 

30 

73.8 

74 . 0 ' 

—0,2 

21.7 

-0.01 

1.48 

-0 1 


2.15 

-0.88 

All. 

60 

75.2 

76.3 

-1.1 

19.9 

-0.06 

1.10 

-1.0 

|-1.9 




(column 5). This is the difference in 
gains for the 2 groups in score units. 

11. S. D. of diff. in gains: The stand¬ 
ard deviation of the difference ob¬ 
tained in column 10, computed by use 
of the formula, 

sigma clilTerence in gains = 

\/y2 gain 1 + y‘ gain 2 


the following points seem of most sig¬ 
nificance : 

1. The nieans are lower for (he con¬ 
trol group on both the initial and final 
test on the moving target. The girls 
in the five-year conirol group made 
especially low scores on (he slrenglli, 
perforation and (.racing patli lesis. 

2. 'rhe sLaiidard devialioiis for the 
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practice and control groups (column 6) 
do not vary greatly in any of the tests, 
showing that the distributions of meas¬ 
ures in the 2 groups were similar. 

3. The gains expressed in units of 
the standard deviations on the first 
test show that the control group made 
larger gains than the practice group on 
the strength and perforation tests. 
Both groups made losses on the tracing 
path, that of the control group being 
smaller. 

When total groups are considered 
the gain for the moving target test ia 
0.29 sigmas; strength test 0.30; per¬ 
foration test 0.88; tracing path — O.OQ. 

4. The statistical significance of the 
gains of GO cldldren (columns 8 and 9) 
is greatest for the perforation test, the 
gain being 7.3 times the sigma. It is 
next greatest for the strength test, the 
gain being 5.5 times the sigma; then 
for the moving target with 3.1; and 
finally for the tracing path with a nega¬ 
tive 1.0. Thus the groups as a whole 
made Bignifioant gains in 3 of the 4 
motor testa. For the small loss on the 
tracing path test the writer has no ex¬ 
planation. 

5. Columns 10, 11 and 12 show that 
the cUfferences in gains of the practice 
and control groups are not statistically 
significant on any of the 4 tests. The 
gain of the practice group on the 
moving target test was O.G ± 0.95 more 
than the gain of the control group. 
The gain of the practice group was 0.6 
dz 1.27 less than the gain of the con¬ 
trol group on the strength test; 3.4 ± 
1.83 loss on the perforation test; and 
the loss 1.9 ziz 2.15 more on the tracing 
patVi teat. 


SUMMARY 

The present paper reports a parallel 
study to the moving target test investi¬ 
gation on the effects of specific practice 
on the increase of motor skill. The 
GO children in the target study were 
also given the strength, perforation and 
tracing path tests once during the 
period when the initial target tests 
were given, and again when the final 
target tests were given approximately 
three months later. 

On the strength and perforation tests 
the increases in skill without specific 
practice as shown by the tests were 
comparable to in crcases on the target 
test either with or without specific 
practice; while on the tracing test sUght 
losses were found. No important dif¬ 
ference was found on any of the four 
tests between the gains of the group 
that was given weekly practice on the 
target test and the gains of the control 
group. 

These results support the conclusions 
of the former paper that improvement 
in skill may result from factors other 
than specific practice, such as the in¬ 
fluence of structural maturation and of 
general practice. Probably no one 
doubts that specific practice must at 
times be given to young children, but 
for what skills and under what condi¬ 
tions is as yet largely undetermined. 
The unpUcatLon of the experimental 
findings of this and of the previous 
paper is that factors other than spe¬ 
cific praclico may account for much of 
the learning of young children. 
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The Roentgenographic Appraisement of 
Skeletal Differentiation' 

T. Wingate Todd 


TEE BIGNlFl(?ANCl!: OF A QUATATATIVB 
STUDY OF GROWTH 

T IS a well established fact that 
diffei REt parts of the body differ- 
enliale and mature at different 
periods of the life span. We know, 
for example, that the auditory ossicles 
and lab 3 n’inth arc fully matured at 
birth, that the eyeballs and brain have 
almost reached adult size by five 
years, that the thymus and tonsils are 
at their greatest development and 
activity in childhood. The list might 
be indefinitely extended although 
along such lines we should but make 
generalizations without that directness 
of evaluation to which the method of 
study lends itself. It has been our 
good fortune during the past eighteen 
years to assemble a collection of 
liuiuan skeletons from known indi¬ 
viduals for each of which it has been 
possible to secure the necessary data 
for a comprehensive study of growth 
and iiiaturallon, and of age changes in 
the remainder of the life span so far 
us these are set forth in the bones. 
This series has now reached the com¬ 
paratively large total of eighteen 
hundred individuals including more 

>■ This ia the third of a anrica iif Btuditis tin 
CoiuptUMtivK Youth from tlit Hamaun 
Miisoutn, IjfvboTatoiy of Auatoniy, Weabern 
Ileaervo IfiiivcrHity, Clcvtilaiul, Ohio, pre- 
piired [or the White lltmtic Coafcvtouic. 


than two hundind children and young 
people. In addition the roentgeno- 
graphic study of a test sample of over 
one thousand children gives us oppor¬ 
tunity to check the observations 
made both by the X-ray and by dissec¬ 
tion or maceration on our skeletons. 
Hence it is my object in tins communi¬ 
cation to direct attention to the 
principles of differentiation and matu¬ 
ration in the skeleton with special 
reference to those areas which we have 
studied most intensively during the 
past four years, namely the knee, the 
hand, and the elbow. 

In a previous article I have discussed 
the problem of comparative youth and 
have given briefly our conclusions that 
although the chronological record 
varies with the order, family or genus 
of mammal chosen for investigation, 
the iiime relationships are sufficiently 
precise within the selected group to 
make comparisons passible of sequence 
and rate of maturation (1). I have 
also, in another paper, presented the 
principles of epiphysial differentiation 
and union which hold good for all 
parts of the maturing skeleton (2). 
It is now possible to inquire more 
deeply into the specific features of 
maturation and the time-linkages in¬ 
volved. 

Since the ossified parts of the living 
skeleton alone arc radio-opaque, it is 
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practicable to study simply the bony 
differentiation. The cai'tilaginous skel¬ 
eton remains a scaled question. In 
the dead this difference is at least 
partially resolved for both cartilage 
and muscle become radio-opaque from 
coagulation in embahning. The pos¬ 
sibility of dissection finally removes 
all difliculties of interpretation. A 
combined study of skeletons and 
Jiving childi’on then opens up great 
opportunities for enlarging our knowl¬ 
edge and understanding of the changes 
undergone by the skeleton during the 
period before adulthood is attained. 

It is essential;, in the first place, to 
recognize that an epiphysis is not 
to be construed as a bony cap. It is 
a cartilaginous structure which ossifies 
completely! partially or not at all. 
If it ossifies in part only as at the 
symphysis pubis, the lateral end of the 
clavicle and the upper and lower sur¬ 
faces of the vertebral bodies, the 
remaining cartilage ia absorbed but 
the bony fragments of epiphysis and 
the adjacent surface of the shaft 
undergo the same stages in differentia¬ 
tion and maturation as if the epiphysial 
ossification were complete. 

My colleague Doctor N. W. Ingalls 
has shown in a very thorough investi¬ 
gation of the growing femur that the 
form and proportions of the articular 
ends, characteristic of the adult, are 
already exhibited in the cartilaginous 
ends at birth (3). And Graves has 
demonstrated the preformatiou of con¬ 
vex, straight and concave types of the 
vertebral border of the scapula in the 
foetal cartilaginous state (4). In the 
epiphysial unit then, growth merely 
increases dimensions. 

For the shaft there is another story: 


proportions change with growth as 
well aa dimensions. So long aa we 
rely upon dimensions of the skeleton 
in general or of any unit in particular 
as our standard of measurement and 
time-linkage, as we have been accus¬ 
tomed to do, BO long will we be baffled 
or hampered in our estimates. I do 
not mean to infer that dimensional 
measurements, quantitative though 
they be, ought to be discarded, ignored 
or minimized in value. It is impor¬ 
tant to realize that quantitative meas¬ 
ures involving growth are subject to 
influences which do not affect the 
qualitative standards of differentia¬ 
tion. As a rule, if the organism is 
handicapped, the disability shows 
itself in dimensional stunting rather 
than in retardation of differentiation. 
There are far more people of small 
stature in the world than there 
are people of inhibited maturity. 
Whether we are tall or short we tend 
to progress toward maturity at the 
same rate. Edith Boyd has recently 
shown that an excusable error in 
dimensional measurement may easily 
reach the Value equivalent to six 
months’ growth (5). In laying stress 
upon the advantages of recording 
progress in the qualitative terms of 
differentiation we seek merely to 
eliminate one disturbing factor from 
our calculations and to add another 
check upon the accuracy of our 
determinations. 

genehal method of study 
In addition, to a rather full study 
of bodily dimensions, including weight, 
and an examination of muscular 
power each child of our sample group, 
numbering approximately one thou- 
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Band, was roenigeno graphed. The 
roeiitgeuogruxns were antero-posteiior 
and lateral of hand, elbow, knee and 
foot, with antero-posteiior only of hip 
and shoulder. The total exposure ia 
less than that to which a patient ia 
subjected in a regular hospital exami¬ 
nation. Finding that we never en¬ 
countered even a slight malaise or 
distui'banee we added a lateral of the 
skull to the later examinations, 

children retiiined for re-exami- 
nation at intervala of several months 
so that in the course of two years we 
had frequently tvvo and less often 
three studies of cadi child. 

In order to forfend any obvious inter¬ 
ference with the ease of establishing 
standards of age-relationship in bony 
differentiation we divided our living 
children series into groups by sex and 
color and investigated each group sepa¬ 
rately. Long experience of research on 
the skeleton led ua to suspect that the 
white children would be far less 
irregular in differentiation than the 
negroes and that the boys would show 
greater uniformity than the girls. 
The sequel proved our hypothesis 
correct. We made no effort to dis¬ 
tinguish lietwe(3n different nationalities 
or localities of birth and upbringing 
though wc later found certain small 
divergencies apparently linked, prob¬ 
ably indirectly, with these factors. 

"We tiien still further subdivided our 
8CX and stock groups into series by age 
into units of six months and checked 
the birth lecordH, Utilizing those 
roentgenogi'nphic records only of chil¬ 
dren the register of whoso birth we had 
actually seen on the City Hall r(?.cordg, 
wo arranged the roentgenograms in 
order of difTerentiiition, worldiig ui)on 


one of our six areas at a time, and 
chose that child as our standard for 
the period nearest to mean value in 
roentgenographic differentiation, in 
stature and in weight. Comparing 
our sequential standards we could 
then interpolate the remaining roent- 
geno graphic records. Having thus 
drawn up an atlas of differentiation 
we discarded all our previous work 
and, upon the basis of our roentgnno- 
graphic atlas, gave each child an age 
valuation in years and months. This 
technique, first carried out for male 
whites, was repeated upon female 
whites, male negroes, female negroes 
and lastly upon undernourished chil¬ 
dren from the Children’s Fresh Air 
Camp and the Cleveland Nutrition 
Clinic. Aa, one by one, our skeletal 
areas were studied in completion we 
made a comparison of the age valua¬ 
tions for each on every child and 
checked these against chronological 
age, height ago, and weight age. The 
results were so gratifying that we 
immediately put the method into 
practice in the numerous child exami¬ 
nations which the city requests of 
us and we have no reason to regret 
this step. 

The determinations in each stage of 
the work have not depended upon the 
observations of a single individual. 
Between four and eight trained observ¬ 
ers have independently gone through 
every detail of the investigation. 
The number of workers employed has 
naturally depended upon funds avail¬ 
able and willingness to cooperate. 
Wc have allowed no record to pass 
without at least four independent 
judgments and one common consulta¬ 
tion and discussion thereafter. 
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So assiduous a study is not com¬ 
pleted speedily. For four years we 
have been continuously at work and so 
far have completed our survey of 
knee, hand and elbow. Shoulder, 
hip and foot are in various stages of 
progress and at least another year’s 
study wiU be needed before these are 
ready for publication. 

Confining our attention to the areas 
already thoroughly studied it is possi¬ 
ble to survey briefly the principles of 
differential epiphysial maturation and 
their time relaflonshipa. 

THE PROBLEM OF INITIAL OSSIFICATION 

Numerous studies have been made 
of the inception of ossification in carpal 
bones and upon them have been based 
attempts at definition of time-Unkage. 
That there is value in this method 
there is no doubt. Without seeking to 
present an adequate survey or bibliog¬ 
raphy of the work which is largely 
based upon Pryor's pioneer investiga¬ 
tions one might refer to Miss SawteU’s 
recent work in which she extended the 
method to include lower end of radius 
and ulna (6,7). Doctor Saw tell indeed 
checked the method against the quali¬ 
tative study of differential maturation 
which we have developed and found 
her results about equally dependable 
by both methods. But since the 
children at her disposal gieatly dimin¬ 
ished in number soon after the date 
when our method becomes available 
we take great encouragement from her 
positive findings even though they 
seemed to her equivocal. 

It should be realized that the indi¬ 
vidual variability in appearance of 
ossification of the several carpal bones 
should not be set down to a "natural” 


variability until a thorough investiga¬ 
tion has been made of possible influ¬ 
ences which may affect the date of 
inception. Perhaps this assumption 
of natural variability may have been 
one of the most stultifying conceptions 
in all work of this character. We 
have noted evidence in our records of 
the passage through the system of 
some devastating influence of tempo¬ 
rary character which appears to have 
held up the progress of maturation and 
from which tiie skeleton is in process 
of recovery. Concerning this we shall 
have much more to recount at a later 
date. 

In practice we are not concerned 
with the actual date at which osseous 
material is first precipitated in any 
cartilaginous area nor are we inclined 
to take into account the more or less 
symmetrical extension of this ossific 
center until the later stages are reached 
where final delineation of ultimate 
outlines is foreshadowed. 

Since no epiphyseal ossifications 
have reached the stage when they can 
be profitably used as qualitative age 
determiners until the sixth year of life, 
at least in boys, we shall commence 
the account of observations with the 
fifth birthday. 

To avoid confusion by the injnclion 
into the problem at this stage of the 
modifying influences of sex and race, 
we shall confine the following account 
to the male white series. It is not 
an easy task to examine the host of 
available roentgenograms, bearing all 
possible features in mind, to cvaliiale 
these, identify them on the cbo.seii 
group of unimpcachalile age-record 
and establish their di-stribnUon. If 
the reader be inclined to cavil at our 
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results, let him bear in mind that each 
feature herein described haa been 
searched for by half a dozen different 
investigators on twelve hundred roent- 
getiogrania, an analysia occupying 
more than three years of steady work. 
Our siniplc method of statement is 
purely in the reader’s interest. 

Should the reader attempt to use 
this preliininfiry account aa a guide 
for age-identification he must be 
warned that the greatest difficulty will 
be encountered between seven and 
nine years, more especially in hand and 
elbow than in knee. During these 
years tVie indicators are peculiarly 
delicate and hence require more experi¬ 
ence and judgment for correct inter¬ 
pretation than at other ages before or 
after. 

After thirteen years and a half we 
enter upon another phase of epiphysial 
study. No longer arc we dependent 
upon difTerenLiation of bony outline in 
the various epiphyses. There now 
begins the progressive pattern of 
union which makes much easier the 
Ldciiiificatiou of age. We are no 
longer seeking features of stages I to 
V inclusive of the maturation of 
cpiphysea. We now look at specific 
areas for evidence of stages VI to IX 
(2). Consequently, after thirteen 
years and six nionths the dates at 
which those later stages niaj’^ be 
expected alone arc mentioned in this 
account. 

rniNcupLEs OF noNY DiFrEnnN’ 

TIATION IN THE KNEE 

At the kneo we depend almost 
ciilircly upon lioiiy cUfi'orentiation of 
the e|)ipliyscH of femur and libia for 
our .standards. Since the paielUv emu- 


mences to oaaify erratically like the 
carpals and its inception occurs to¬ 
wards the fifth birthday in boya one 
may rule it out until much later. The 
upper epiphysis of fibula is of relatively 
little service until it is almost com¬ 
pletely ossified, an event which does 
not occiu’ until after the twelfth 
birthday. 

Between five and five and a half 
years there is no great amount of ossi¬ 
fication in cither femoral or tibial 
epiphysis. In the femur the ossifica- 
cation scarcely advances beyond the 
dorsal line of the shaft. The lateral 
epicondyle shows more ossification 
than the medial. 

The outline of the tibial ossification 
is much rounded with bub a suggestion 
of the ultimate appearance of 2 con¬ 
dylar surfaces the medial of which 
shows some condensation into a white 
line. The backward extension, as in 
the femur, scarcely reaches the level of 
the dorsal line of the shaft. 

In the following six months ossifica¬ 
tion of femoral epiphysis projects 
beyond and tibial ossification reaches 
the dorsal shaft projection line. Ossi¬ 
fication of the medial femoral epicon¬ 
dyle is now progressing more rapidly 
than in the lateral. Tibial epiphysis 
ossification shows clear evidence of 
medial and lateral extensions and the 
medial condylar face is further etched 
in. A faint haze springs up along 
adjacent shaft surfaces of both bones. 

Between six and six and a half year-s 
ossification has progressed consider¬ 
ably in both epiphyses, The lateral 
femoral epicondyle casts a shadow 
almost as far as tlie lateral angle of the 
shaft but medial cpicondylar ossifica¬ 
tion lags behind but has a ragged 
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appearance. The tibial epiphysis be¬ 
gins to show indications of a lateral 
condylar surface. Both adj acent shaft 
surfaces maintain their slight haziness. 

In the next six months again rapid 
progress in ossification has taken place 
in both epiphyses. The medial 
femoral epicondyle is still ragged. Its 
ossification however now almost 
reaches the line through the adductor 
tubercle. The limiting angles of ossi¬ 
fication nearest the shaft on both 
epiphyses arc somewhat squared. 
The shaft haze remains. 

Between seven and seven and a half 
years the shaft hazes have become 
quite widespread from the surface. 
In both epiphyses ossification has 
extended beyond the bevelled contours 
of the shaft. In femur the inter- 
condyloid notch is still shallow and in 
tibia the lateral condylar surface is 
a little more clearly indicated. 

Six months later this lateral tibial 
condyle is distinctly foreshadowed. 
The haze on both shaft surfaces is 
maintained. 

Between eight and eight and a half 
years the tibial ossifi^cation for the 
lateral tuberosity extends like a long 
tongue almost as far as the shaft line: 
both lateral condyle and spines show 
progress. On the femur the down¬ 
ward extension of medial epicondyle 
and the intercondyloid notch are both 
better marked. The shaft-haze begins 
to diininish. 

In the succeeding six months the 
shaft haze has given place to a white 
line of delineation and a similar line, 
maturing during the last few periods, is 
now complete on the adjacent epiphys¬ 
eal surface. 

Both diaphyso-epiphysial gaps arc 


broad and trumpet-shaped at both 
extremities. 

Between nine and nine and a half 
years there is but little change from 
the features of the previous period. 
The adjacent surfaces of shaft and 
epiphysis parallel each other more 
closely and the trumpet-Bha])cd extremi¬ 
ties of the gap are encrofichcd \ipoii 
by an angulation towards Ibe shaft 
of the bony epiphyses. In addition 
the lateral tibial condyle shows a 
building up of its periphery. 

In the next six months the medial 
and lateral margins of the femoral 
epiphysis lose their rounded outline 
and begin to take on the adult rugged 
contours. The intercondyloid notch 
is also more significantly cM.dvdt. 
Squaring of periphery of both tihial 
condyles proceeds apace. 

Between ten and ten and a half 
years tlie medial and lateral angles of 
the shaft surfaces of both bones show 
an erosion, blunting and even render¬ 
ing them concave. The trochlear 
extension of the femoral epiphysis 
shows a faint upwardly directed beak. 

In the following six iiiontlis the 
trumpet-shaped cx1,rcn\itics of thi^ epi¬ 
physial gaps are lost throngli exfxuvsion 
towards the shaft of the bony epi¬ 
physes which are clearly now beginning 
to develop peripheral rims. This is 
better marked in fennir than in tibia. 
The peripheral contours of both epi¬ 
physes take on more definite a.t]ulL 
characters. 

Between eleven and eleven and a half 
years the diaphyso-epiphysial gap m 
distinctly naiTOwed, This is more 
easily seen in the tibia liecause there 
is less overlap of shadows. The double 
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contour of the iirticular sui’face of 
patella uow comes into being. 

In the next six months the tibial 
spines arc clearly developed in bone 
but have not yet sharp outlines. The 
cpi physical peripheral margins are al¬ 
most completely adult in contour and 
the condylar outlines almost sharp 
though the bony epiphyses do not as 
yet fit like caps overlapping the shafts. 

Between twelve and twelve and a 
half years there is no marked change. 

In the succeeding six mouths the 
iroclilear diaphyso-epiphysial gap is 
filled and the epiphysial peripheries 
almost cover the Bluafts. 

Between thirteen and thirteen and 
a half years the tibial tubercle has 
os.sificd as a downwardly directed 
tongue of bone, the tibial spines form 
sharply outlined minarets and the 
epiphyses of both bones surround the 
shaft peripheries as with n claw. 

Beyond thirteen years and a half 
the knee epiphyses are of service only 
at intervals, 

Between fourteen and a half and 
fifteen years the tibia enters on stage 
VI with narrowing of the epiphysial 

Between fifteen and fifteen and a 
half years stage VI is apparent in 
femur and in fibula. 

Between sixteen and sixteen and a 
half years the epiphysial gap in the 
tibia is so reduced that the roentgeno¬ 
gram is apt to give misleading and 
fallacious evidence of commencing 
union but the area has not really yet 
reached stage VII where union begins, 

Only the most careful exminatioii of 
the roentgenogram of seventeen to 
seventeen and a half yeans will indi¬ 
cate to the experienced observer that 


union is incomplete in femur, tibia or 
fibula. The naked bone shows no 
surface indication of union though it 
would be an untenable position to 
hold that nowhere in the depths of the 
gap is there any fusion, at least in the 
tibia. 

Between eighteen and nineteen years 
both stage VIII of recent, and stage IX 
of perfected union are passed thi'ough 
in all 3 bones. 

PRINCIPLES OF DIFFERENTIATION IN 
THE HAND 

In the knee the massive epiphyses 
of femur and tibia carry so much of the 
information applicable to a study of 
time-linkage in dilferentiation that 
one is apt to overlook, on that account, 
the significant information to be 
obtained from the shafts. In the hand 
however the shafts and epiphyses of 
the long bones and the bony matura¬ 
tion of the carpals all play their part. 
Phalanges and ulna are of little value 
for this inve.stigation. The radius, on 
the contrary, is of paramount import¬ 
ance. Metacai'pals follow close be¬ 
hind the radius. And the carpals 
also give us very definite information 
once their apparent vulnerability to 
retarding infiucnccs i.s recognized and 
discounted. 

Shortly before the sixth birthday 
the bases of metacarpals II and III 
foreshadow their adult outline. The 
saddle-shaped contour of the second is 
definitely attained although the clear 
white line which marks its ultimate 
difTcrentiiitiou does not appear till 
alino.st eighteen months later. The 
bony invasion of radial epiphysis is not 
far advanced at this stage though an 
oblique line marking the border be- 
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tween palmar and distal surfaces is 
evident. 

Between six and six and a half years 
the epiphyses of metacar pals II and 
III, sometimes of IV but never of V 
are so far penetrated by bone that on 
the roentgenogram they appear as 
D-shaped shadows with the flat out¬ 
line next the shaft. 

In the succeeding six months the 
process spreads to the head of metacar¬ 
pal V and includes IV if this did not 
appear before. 

Between seven and seven and a 
half years the white line of compacta 
demarcating the saddle-shaped base of 
metacarpal II makes its appearance. 

In the succeeding six months atten¬ 
tion is diverted to the radius for its 
epiphysis shows ossification of the 
styloid process. The adjacent sur¬ 
face of shaft presents a biUowed outline 
picked out in the typical thin white 
line of compacta. 

Between eight and eight and a half 
years the carpus begins to contribute 
to our study in the white line marking 
the facet on os capitatum for articula¬ 
tion with metacarpal II. 

In the following six months ossifica¬ 
tion springs up with sudden rapidity in 
the radial epiphysis extending medially 
as the “ulnar tongue." 

Between nine and nine and a half 
years the bony heads of metacar pals 
II, III, IV possess a clearly defined 
squared outline like those of the adult. 

In the next six months a radial 
extension of ossification occurs in the 
radial epiphysis in the angle next the 
shaft. 

Between ten and ten and a half 
years there is often a completion of the 
adult contour of the medial side of the 
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fifth metacarpal bony head and a 
billowing of the ulnar shaft. Both 
features may however appear earlier 
than this date. 

In the following six months the 
bony outline for the radial aspect of 
metacarpal heads II, III, IV, V makes 
its appearance, 

Between eleven and eleven and a 
half years identification of specific 
characteristics in the hand becomes 
singularly difficult. There is indeed 
an expansion of the bony epiphy.sis of 
the radius laterally on the side adjacent 
to the shaft and a sudden development 
of adult outline in the two mul¬ 
tangular s. 

In the next six months the nlnar 
tongue of the radial cpipliysiB shows 
indications of the recurvation charac¬ 
teristic of a yeoi’ later. The bony 
epiphysis for the first phalanx of the 
index finger protrudes beyond the 
line of the shaft on the lateral or 
radial aspect. 

The hand has now reached a stage 
when it gives but little direct indica¬ 
tion of the progi'csa of time. Between 
twelve and twelve and a half ycar.s 
there is no characteristic feature al¬ 
though it is true that the inclination 
towards recurvation of the ulnar 
tongue in claw-like form over the 
shaft of the radius is strengthened. 

In the succeeding six months recur¬ 
vation of the ulnar tongue has pro¬ 
gressed to the form of a small beak 
which is further developed between 
thirteen and tliirteen and a half years 
at which date the later phases of 
preparation for union of epiphyses in 
phalanges and metacarpsils begin to 
make their appearance. 

After thirteen and a half years, aa 
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in tlic knee, wo change our method of 
analysis and look for stages VI to IX. 

Uetween fourteen and fourteen and 
a half years the epiphysial gaps in 
phalange.^ and ineiacarpals commence 
to diminish. 

Tlh.5 narrowing continues during the 
next twelve montlis and aheady the 
terminal phalanges have reached stage 
VIll, of recent union, soon after 
Hftcen years. 

Between hfLeen and a half and six¬ 
teen years all the phalanges have 
reached st.age IX (perfected union) and 
the ineiacarpals are in stage VII 
(commencing union) if not already 
in .stage VlII. The gaps in radius and 
ulna now begin to shrink, 

After sixteen years the metacarpala 
have followed the phalanges into per¬ 
fected union (stage IX) and the 
rocntgenographic shadows of radius 
and ulna are overlapping so that both 
diaphyso-epiphysial planes seem 
broken up though comparison with 
the naked bones shows that this is not 
really so. 

Even between seventeen and seven¬ 
teen and a half years however the 
roent.genograni, carefully studied, will 
denionstraie the complete patency 
of both radial and ulnar gap.s. A 
year later these epiphysis have reached 
the condition of recent union (stage 
VIII). 

rniNCIPLES OF PIFFEIIENTIATION AT 
TIIK EOBOW 

The elbow gave us far more trouble 
than either knee or hand and at first 
it seemed as tliough w[; would be 
bafllexl for of all the. diaphyso-cpi- 
pliysial lines tlrat of ihv, caiiitulum 
alone appi^arcd to be helpful. Oiii- 


final identifications are indeed largely 
influenced by the indications of that 
area. Radius head is little more than 
a scale. Olecranon and medial epi- 
condyle have little specific character. 
Trochlear ossification is very various 
in type since the amount of humerus 
developed in this epiphysis is quite 
erratic. Sometimes there is a sizeable 
epiphysis; in other individuals it is 
but a scale smaller than that for the 
radial head. 

OuY interpYetations of capitulum 
are greatly strengthened however by 
differentiation of the adjacent shaft,. 
Hence, in elbow, our observations, 
unlike those of hand and knee, are 
just as closely related to shaft as to 
epiphysis. 

Between five and five and a half 
years there is incomplete ossification 
in the ends of all 3 shafts. Conse¬ 
quently the roentgenDgraphic shadows 
appear to indicate imperfect formation 
The actual skeletal formation is, of 
course, complete hut, being largely 
cartilage, is not radio-opaque. 

The ulna shadow shows a shallow 
greater sigmoid fossa of which the 
coronai'y beak is not at all well mai'ked 
so that it is seen with difficulty on the 
antero-posterior view and scarcely 
projects at all on either medial or 
lateral side of the shadow. The 
olecranon process shows but the faint¬ 
est indication of a billowing. It is 
indeed a mere ripple confined to the 
shaft surface of which the postcro- 
superior area is not yet completely 
ossified. 

On the humerus the capitular epi¬ 
physis is considerably ossified but has 
an irrcgiilar margin facing the shaft 
surface on which c.an he seen a faint 
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ripple of billowing. There is only 
alight angularity between the shaft 
surfaces which support medial epicon- 
dyle and trochlea respectively. 

There is no ripple as yet on the 
surface of the radial shaft. 

Six months later the coronoid beak 
is visible both medially and laterally. 
The ossification in postero-superior 
area of olecranon and rippling of sub- 
epiphysial shaft surface of olecranon 
are both better marked. The radius 
shaft and capitular surface of humerua 
both now show distinct rippling and the 
shaft angle between medial epicondyle 
and trochlea is better defined. It must 
be realised however that there are pro¬ 
nounced individual differences in the 
degree of ripple and often it is scarcely 
visible. 

Between six and six and a half years 
the features of the previous period 
become intensified. The bony olecra¬ 
non is more massive and squarer in 
outline on the lateral roentgenogram. 
The oasific nodule in the humeral 
capitalum begins to show a saddle- 
shaped outline. It ia true that there is 
ossification in the epiphyses of radial 
head and media] epicondyle of humerus 
and that the date of appearance of 
these centers ia more uniform in elbow 
than in hand. Nevertheless we shall 
make but incidental reference to such 
precipitations as we are by no means 
convinced of the reliability of their 
age relationship. 

During the following six months 
there are no specific characteristics. 
There is merely extension of the 
features demonstrated in the previous 
period. 

Between seven and seven and a 
half years the ossification center in 


the capitular epiphysis throws out a 
bony tongue towards the trochlea. 
This tongue was suggested just after 
the sixth birthday but at th.afc earlier 
date the shaft angle between surfaces 
supporting medial epicondyle and 
trochlea was not nearly so advanced 
as it is at this time. 

In the succeeding six months bony 
delineation has reached the surface of 
the cartilage between medial cpicon- 
dyle and trochlea although the outline 
is not yet as sharp as it will eventually 
be. There is also an extension of 
rippling or light billowing from capitu¬ 
lar shaft surface on to that for the 
trochlea. The capitular epiphysis 
ossification begins to spread back¬ 
wards erratically. 

Between eight and eight and a half 
years the trochleoi’ ossification is 
extended and the beak of shaft between 
trochlea and medial epicondyle is 
further delineated. The backward ex¬ 
tension of capitular epiphysial ossifica¬ 
tion is still quite erratic. 

In the following six months tlie 
outline of humeral shaft supporting 
the medial epicondyle becomes dis¬ 
tinctly concave. Both in that epi¬ 
physis and in the capitulum there is 
distinct ossific extension. 

Between nine and nine and a half 
years no fresh features are devcAoped 
though progress can be estimated by 
comparison with the provisional atlas 
of stages. 

In the succeeding six months the 
distal humeral shaft shows distinct 
growth so that the capitulum seems 
mounted on a pedestal which is partic¬ 
ularly developing on its lateral aspect. 
The supporting surface for medial 
epicondyle begins to show rippling. 
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Between ten and ten and a half 
years the building out of the lateral 
area in humeral shaft continues while 
the ossification of the capituliim over- 
lying it is also extended to approach 
the lateral nuugin of the shaft. The 
elbow makes little progress about this 
time. 

Six months later the capitular 
ossification develops a proxiinally 
directed beak at its lateral extremity. 
This La projected like a claw shaft-wards 
and precedes the bevelling of the 
outer angle of the humeruB. Erratic 
o.sHification. begins in tbe trochlea and 
olecranon. 

Between eleven and elven and a half 
years there is progress in ossification 
of trochlea and olecranon but one can 
claim only as characteristics of the 
period, an increasing angulation at 
distal lateral area of humeral shaft, of 
tlic capitular epiphysis in the same 
region, and of the proximal though 
no(, yet the distal extremity of the 
ossilic nodule for medial cpicondyle. 
Ah ail age indicator the elbow is 
already liccomiug less useful. 

In the next si.x months the shaft 
oiillincs bcTicath capilulum and troch¬ 
lea become more uniform in .slope. 
This does not necessarily moan that 
the capitular yilanc is built up to that 
of the trochlea: it may still be beliind 
but the general inclination ia almost 
identical on both. The capitular oasi- 
fication project.s backwards like tho 
tail of a coiuina and there is an increas¬ 
ing parallelism in the adjacent surfaces 
of shaft and epiphysis. If the ole¬ 
cranon center ha.<? hitherto failed to 
appear it i.s pre.sent now. 

Between (.welve and tlurieen years 
the .several beaks and angulations 


aheady mentioned continue their 
differentiation. In the earlier six 
months the diaphyso-epiphysial plane 
under tbe capitulum becomes sigmoid 
in the antero-posterior roentgenogram 
and in the latter six months the capitu¬ 
lar beak projects along the lateral 
aspect of the shaft. 

Between thirteen and thirteen and 
a half years the Eub-ca,pitiilar plane 
begins to narrow and, in this respect, 
leaps ahead of all the others at the 
elbow. Thereafter we are concerned 
with the epiphysial closure pattern 
rather than a progress of ossific 
differentiation. 

Already at fourteen to fourteen and 
a half years there may be commencing 
union (stage VII) of the distal epiphy¬ 
sis of the humerus, trochlear and capit¬ 
ular ossifications having fused. The 
union is perfected during the following 
six months which is marked also by 
shrinkage in the gap between tho 
radius and its head but not in. that 
between humeral shaft and medial 
epicondylo. Not only is the olecranon 
gap reduced but union has commenced. 

Bctwcien fifteen and fifteen and a 
half years union has commenced in ttic 
diaphyso-epiphysial junction of the 
radial head and the gap beneath the 
medial epicondyle is reduced. Ole¬ 
cranon is in the .stage of recent union 
(VIII) and in distal humeral epiphysis 
fusion is perfected, 

After the sixteenth birthday fusion 
is complete in all elbow epiphyses and 
the area passes out of the series of age 
indicators. 

Dull and colorless as such an 
account of epiphysial differentiation 
must necessarily be, it is important to 
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the stages by which progi-ess in 
jlidetol maturation occurs. The 
‘ ed questions of sex and race can 
fjd UO place in this description which 
I intended solely as a summary of 
illiKtrative material against which 
n*ntgcnographio records may be 

itaiked- To further this object we 
nurpoee to draw up detailed accounts 
iith each of which there will be an 
,(118 of carefully reproduced roent- 
renogtapbio bony outlines to forma 
Li of definiteness upon our observa- 


logical influenceB among them than 
among females or negroes. In a later 
paper the problems of sex and race 
will be discussed. 

4. The reader is warned against the 
assumption of a “natural" variability 
in the absence of positive evidence. 

5. In this study the date of earliest 
precipitation of bone into the carti- 
lage, whether of carpels or epiphyses, 
is not valued highly because that 
stage of differentiation is singularly 
vulnerable to influences which delay 
the characteristic features or distort 
the evidence. 

6. The method of epiphysial and 


1. A qualitative study of growth 
is called for by the fact that different 
organa mature each in its own time 
lyid manner. Even in such a unifoim 
ayatem as the skeleton, the various 
patta attain adult characters at very 
dvSerent ages. 

2. Although the cartilage precursors 
of the articular extremities of the 
various bones differ in size but veiy 
little in proportions from the bony 
extremities of the adult, the penetra¬ 
tion of the cartilage by ossification 
presents so definite a sequence and 
pattern that it can be utilized as an 
age indicator. 

It is true that disturbance, especially 
of a pathological character, may 
modify pattern, sequence and date. 
The ravages accompanying this dis¬ 
turbance can usually be clearly 
identified. 

3. The samples of male white chil¬ 
dren at our disposal have Imcn used for 
this purpose upon the hypothesis, 
now substantiated, that there is less 
variation resulting from non-patho- 


diaphysial differentiation is applicable 
to the skeleton under thirteen and a 
half years (in the male). Thereafter 
it is the closure pattern to which 
attention must be devoted. 

7. In the knee the epiphyses of 
femur and tibia give most of the infor¬ 
mation but their underlying shafts 
present some useful data. Patella 
and fibula are of less account. 

8. In the hand lower epiphysis of 
radius, the metacarpals and their 
epiphyses and to a less extent carpals, 
phalanges and ulna enter into the 
picture. Because of the frequency of 
disorder in carpal ossification one must 
not rely upon their bony etching unless 
the data presented are confirmed by 
radius and metacarpals, 

9. In the elbow capitular epiphysis 
of humerus and the shaft area under¬ 
lying it carry most of the data useful 
for our purpose. The availability 
elbow as an age-determinant is much 
more restricted in time than the knee 
and hand. 
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The Development of Right-handed Skill 
in the Left-handed Child 

JoBEPH E. MoBSH 


I N TEACHING the older child to 
use the non-preferred hand one is 
confronted by three main prob¬ 
lems. The “set" due to habit and 
earlier training must be broken down; 
the antagonistic prejudices of parents 
and teachers must be combatted; and 
a strong attitude of self-motivation 
must be built up. Of these three prob¬ 
lems the last is probably the most im¬ 
portant and an attempt at its solution 
is the chief concern of this article. 

The experiment was undertaken to 
see whether it were possible to take 
children into the laboratory and without 
seriously interfering with their every¬ 
day activities, form in them a desire to 
learn to use their non-preferred hands. 
The fact that they came to the labor¬ 
atory, without monetary or other in¬ 
ducement, during the period of the ex¬ 
periment showed that their interest 
was maintained and the results would 
seem to justify the method employed. 

The skill which was to be developed 
was writing with the right hand. The 
method was, briefly, to teach writing 
with the right hand where the left hand 
had formerly been used exclusively, 
without directing attention to the act 
of writing. In other words, the main 
point in the experiment was to get the 
attention of the children away from 
the activity, as much as possible so 


that they would gradually acquire a 
new right-handed habit without realiz¬ 
ing that a new habit was being fonned. 

The subjects used for the experiment 
were two girls whom we shall desig¬ 
nate as B and E. E wa»s twelve years 
old on July 15,1929, and was a pupil of 
the eighth grade. B was a fourth 
grade pupil and was nine on August 
22, 1919. B’s score with the Stanford 
Revision of the Binet-Simon test indi¬ 
cated an intelligence quotient of 100 
plus, while E's intelligence quotient 
was 123 plus. With B, Myer^s Men¬ 
tal Measure was used as a check, as 
the Binet-Siriion was given when B 
was tired. It was found, however, that 
the latter test agreed with the Binet- 
Simon very closely. It is worth noting 
that a remarkable correspondence was 
found between the intelligence quo¬ 
tients obtained from these tests given 
in the laboratory and those supplied 
by the teachers in the public school 
which the girls attend. Both subjects, 
as shown by these results, are of nonnal 
intelligence while E probably has su¬ 
perior intellectual capacity. 

The history of left-handed ness in 
the families of both girls is interest¬ 
ing. E’s father and paternal grand¬ 
father were left-handed. Her maternal 
uncle was left-handed as a child but 
was forcibly prevented from using his 



312 


Morsh; Skill in Left-handed Children 


left hand and became a very proficient 
ambidextrouB writer. B’a maternal 
aunt and uncle are left-handed. 

The experiment began on November 
2, 1929 and continued until March 
1, 1930, sessions being held weeldy 
until the Christmas holidays and semi¬ 
monthly after that time. In a general 
way it may be divided into three parts: 
first, testa and observations to ascer¬ 
tain some of the abilities of the sub¬ 
jects (especially manual abilities) with 
the specific aim of finding out the "de¬ 
gree of handedness;” second, prepara¬ 
tory exercises involving varying a- 
mounts of manual-visual coordination; 
and third, exercises for practise in the 
activity taught, in this case, writing. 

diagnostic tests 

The term “left-handed” is used rather 
loosely in everyday parlance to desig¬ 
nate an individual who uses the left 
hand in performing some major acti¬ 
vities. The word left-handed 1ms, 
however, no absolute value such as, 
for instance, the word blind. To be 
blind is to be devoid of eyesight but 
to be left-handed is not to be devoid 
of use of the right hand. To say that 
a person is left-handed, then, is not 
to convey much scientific information 
about him unless we are given an idea 
aa to the extent of the left-handedness. 
Thus there may be vast differences in 
the manual habits of so-called left- 
handed individuals. The first part of 
the experiment, as before mentioned, 
was designed primarily to find out what 
was being dealt with in the matter of 
handedness, that is, just how much 
left-handed the subjects were. For 
this purpose 2 kinds of testa were used. 
The first group consisted of a number of 


unimanual and bimanual activities most 
of which involved gross motor coordi¬ 
nation, though a few, such as writing, 
drawing and painting necessitated 
finer, more precise coordination. 
Table 1 indicates the results of the 
first group of diagnostic tests. It will 
be noted that while both subjects used 

TABLE 1 


Hand uaed in major activity 


aotiyity 

IQ 

B 

Drawing on paper or 
blackboard. 

Left 

Left 

Ruling linea. 

Left 

Left 

Painting. 

Left 

Left 

Cutting with Bcissorg..,. 

Left 

Left 

Peelingfruitwithknife.. 

Left 

Loft 

Peelingfruitby hand. ... 

Left 

Left 

Buttoning and unbut¬ 
toning. .. 

Left 

Left 

Holding tooth-brush.... | 

Left 

Left 

Placing objects on table . 

Left 

Left 

Pushing needle. 

Left 

Left 

Threading needle.. 

Right 

Left 

Picking up or carrying 
objects. 

Right 

Left 

Receiving or handing 
objects. 

1 

Right 

Left 

Ironing. 

Right 

Left 

Throwing. 

Eight 

Left 

Wiping and dusting. 

Either 

Left 

Using knife, spoon and 
glass . 

Right 

Left 

Using fork (when knife 
ia held). 

Left 

Right 

Combing hair. 

Both 

Both 


their hands in an identical fashion in a 
majority of the activities they differed 
materially in some other activities. 
It would appear from the observation 
of these common operations that B 
was more left-handed than E. 

With both subjects the left thumb 
is dominant, and a crude test seemed 
to indicate that the hearing in their left 
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ears was better than in their right (the 
watch-tick test was used). Their eyes 
were tested with Ives Visual Acuity 
apparatus, a second test to check the 
results of the first being given. This 
test indicated quite conclusively that 
B's left eye was better than her right 
while the contrary was true of E, her 
right eye being superior, 


Dunlap’s steadiness tester was used. 
Precision and coordination in tracing 
was also tested, by means of the Johii- 
eon coordination test. A complete de¬ 
scription and the method of employing 
this test may he found in Johnson (2). 

A summary.of the results of these 
more exact tests is given in table 2. It 
is interesting to note that E's right 


TABLE 2 

Scores in tesLs of motor control 


TESTS 

” 1 

n 

Right hand 

Liift hand 

Bi|;hb iiiuid 

Left hand 

Strength of grip (Best of 3 trials in kgm.l,,.. 

22.26 

17.76 

13.25 

16.0 

Speed of tapping 





Simple —one plate 





Average of 5 trials, Sp Beconds each. 

148 

155 

118.6 

115.6 

Complicated —two plates 





Average of 2 trials, 30 acconds each. 

1 39-44 

Bl-48 

1 40.5-44 

52-43 

Totals for each hand. 

83 

99 

84.5 

9B 

Average of 2 trials, 1 minute each. 

90-91 

109-109 

79-84.5 

91-82 

Totals for each hand. 

181 

iia 

163,6 

173 

Steadiness of hand 





Hole 5—contacts. 



11 

LO 

Hole 4—contacts.. 


8 



Hole 3—contacts. 

9 




Precision in aiming 





Average error in mm..... 

S.3 

10.2 

10.3 

11.9 

Coordination in tracing 





Contacts in simple test—.. 

0 

1 

2 

0 

Contacts in intermediate test. 

9 

2 

14 

5 

Contacts in difficult test. 

66 

35 

93 

37 

Total contacts. 

76 

38 

109 

42 


The second group of tests in this part 
of the experiment were for the purpose 
of building up a more complete diag¬ 
nosis of the extent or “trend" of left- 
handedness and the capacities of the 
subjects. Strength of grip, speed of 
tapping (simple and complicated)^ 
steadiness of hand and precision in 
aiming were all tested with the appara¬ 
tus and after the manner described by 
Whipple (4) with the exception that 


hand was considerably stronger tlian 
her left. This fact is probably ac¬ 
counted for when it is remembered 
that she used her right hand in carrying 
objects. In the simple tapping B was 
better with her right hand but in the 
complicated form of the test when she 
tapped on two plates altcruatcly her 
left hand was superior. E, however, 
was consistently left-handed in tapj)ing. 
The subjects differed, too, ia stcadi- 
















Fiq, 1. CoijBDiNATinN IN Tracing 


eiTujj?cT n j 


1 aOBJECT B 

Number 

Dtito j 

^ llend j 

Contactb 


Number 

Dxits 

, Hand 

ContaotB 

m 

Nov cm bar 0 

1 

1 

InteriaedipLo 

El 


L 

0 

112 

November D 

R 

2 

Tutormodiftto 

E2 


It 

2 

Ba 

November D 


S 

Didiault 

E3 


L 

6 

Hi 

November 9 

n 

1/j 

Difliciilt 

i<:4 


n 

D 


November 1ft 

u 

1 

Simple 

V.6 


It 

2 

B6 

Novcjiilmr 2S 

K 

0 

Siinplo 

EO 

NoVenibor 23 

R 

0 

R7 

N oveinbor 30 

R 

I 

In tor modi ft to 

E7 

Novombur 30 

R 

3 

B8 

DecKTnlier 7 

It 

2 

Iiitorniudiftto 

Efl 

Decern bar 7 

R 

2 

HD 

lloconilji'r 14 

K 

2 

IntoriiioiliiiLo 

Bfl 

Ducombor 14 


0 
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ness. In this test the score is given 
for the smallest opening in which less 
than 12 contacts were made. B had 
slightly better control with her left 
than with her right hand while E was 
much better with her right. In the 
aiming test both girls showed supenor 
coordination with their right hands. 

In the Johnson coordination test 
both subjects showed a preference for 
the left hand, B favoring the left more 
markedly than E. This left-handed 
preference is clearly indicated in figure 
1. Bl, B3^ El and E3 are average 


“Instead of drawing a continuoiiH line aa 
you did before (these were blanlcs of the 
test that had been used in the diagnostic 
■work already mentioned) draw Btraiglit 
strokes but try to avoid touching the black 
lines, You may lift your pencil slightly 
from the paper at the end of each Btroke 
and it does not matter if one stroke does not 
quite meet another one that yt»u have drawn 
or crosses it a little bit. I shall time you 
but the time it takes is not ao important as 
to draw nice straight; lines and to avoid 
touching the black lines. Ready. Go!” 

Subjects were instructed to liold their 
pencils in their right hands and use 


TABLE 3 

Precision in tracing 


'DATE 

NDM^t^n AND KIND OF TI3HT BUEBTS 

“ 1 

>Ni'^cTa 

E 

Simple 

I n ter¬ 
med i- 
11 te 

Simple 

m.ldi- 

ate 

November 16. 

5 Simple 

3 1 


10 1 


November 23. 

5 Simple 

1 


10 


November 30. 

3 Simple 2 Intermediate 

2 

10 

1 

30 

December 7. 

3 Simple 2 Intermediate 

3 

42 

0 

12 

December 14. 

3 Simple 2 Intermediate 

I 

23 

t 

6 


strips traced by subjects with their 
left hands. B2, B4, E2 and E4 show 
right hand performance on the same 
day. See legend to figure 1. 

prepahatoby exercises 
Although, strictly speaking, the 
first part of the experiment was pre¬ 
paratory as well as diagnostic, the sec¬ 
ond part had a more direct bearing 
on the subject in hand, that is, it 
paved the way for the writing itself. 

To teach the fundamental strokes 
of writing Johnson coordination test 
blanks were used. The following in¬ 
structions were given: 


their left hands to steady the paper. 
No metronome was used. 

Table 3 gives a summary of the re¬ 
sults of the practise in precision in 
tracing. The strips from 5 to 9 inclu¬ 
sive in figure 1 are average strij)8 taken 
from the last sheet dune each day. 
With few exceptions, the coiitaeta 
steadily decrease and the lines were 
drawn with greater confidence and ra¬ 
pidity, until the exercise was discon¬ 
tinued' on December 14- 

Ab it was thought that some activity 
involving grosser coordiuation might 
assist directly in the development 
of the finer coordination rc(iuired 
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TABLE 4 


Scoi'es in target iesi 


DATB 

UivND 

H 

a 

November 23. 

L 

82 

1 

November 23..... . 

R 

1 27 

93 

November 30. 

R 

66 

92 

December 7. 

1 ^ 

70 

1 117 

December 14. 

1 R 

1 66 

1 117 

January 11. 

K 

104 

130 

January 25. 

R 

88 

166 

Febi’uary 1. 

R 

100 

108 

Februtiry 15. 

R 

70 

90 

February 16. 

R 

84 

76 

March 1... 

R 

82 

146 


developed here. It will be remembered 
from the diagnostic testa that for E the 
right hand was the preferred hand for 
throwing while B ia left-handed in this 
activity. The darta were thrown in 
5 series of 10 darts each from a dis¬ 
tance of 10 feet, the 2 subjects and the 
experimenter taking turns. As the 
latter was right-handed, he used his 
left hand to make the scores somewhat 
comparable. On the first day the sub¬ 
jects used both hands and thereafter 
only their right hands. The results as 



in writing, as well as indirectly by 
stimulating subjects’ interest in the 
whole procedure, the target test was 
used. 

The subjects first threw darts on 
November 23 and continued this activ¬ 
ity until the close of the experiment 
on March 1. An interesting point 


may be seen from table 4 are about 
what we would expect. Figure 2 gives 
a graphical representation of the tar¬ 
get test scores. 

The "piSce de resistance" of the 
whole experiment for the girls was 
Whipple’s star tracing test, as this 
involved an activity which had never 
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before been attempted with either hand. 
When the subject was seated at the 
table with screen and mirror in position 
and the star fastened firmly with thumb 
tacks, the following instructions were 
given; 

‘‘Trace the outline of the star, starting 
in this direction (indicated by an arrow 
drawn by the experimenter). Work as 
rapidly ns you can, but try to keep on the 
line. Don’t stop to figure out what you 
ought to do, but keep your pencil going in 
some direction, and keep its point on the 
paper all the time." 

The subjects used their right hands 
to trace all stars except the last one 
traced on March 1. 

On November 9 it took E 11 min¬ 
utes to trace here first star (Bl, fig. 3), 
making so many errors that it was im¬ 
possible to compute them by means of 
the fltencil. A diagram of the stencil 
used in marking the stars and a descrip¬ 
tion of the method of using it is given 
by Harold E. Israel (1). To quote from 
the article; 

"Tho stencil is fitted over the star by 
meana of the short guide Unea at the points; 
then the traced outline is followed around 
from the starting point. Whenever any one 
of the liounduricR of the zones parallel to 
the outline is croBsed, an error is counted 
(naturally rccrosaiiigs in the corrective di¬ 
rection are not counted). Thus a deviation 
beyond the extreme limits of the stencil 
in either direction from tha outline will give 
an error score of three. Moreover, errors 
arc added for each radial boundary, over 
one, which tho tracing crosaca before re¬ 
turning to within the "home” parallel zone. 
Allowing thus the width of two radial zones 
for the correction of a wrung motion, this 
feature petializea hasty cutting across or 

carelcaatieaa. Lateral (parallel) 

zones lire 3 ram. in width, and radial zones 
lire 6 degrees.’' 


It will be seen that this rigid system 
of marking allows a deviation from the 
outline of only one and one half milli¬ 
meters less half the width of the pencil 
line for a traced star scored perfect. 

E’a second attempt (E2, fig. 3) took 
3 minutes 58 seconds and also defied the 
experimenter's efforts to count the 
errors, B'a first star (Bl, fig. 3) took 
3 minutes 25 seconds and she made 
approximately 160 errors. Her second 
effort (B2, fig. 3) required 2 minutes 
57f seconds. The errors for this star 
were not computed. As the subjects 
tired the first day only 2 tracings were 
made. For 10 different days, at inter¬ 
vals from November 16 to March 1 
inclusive, both subjects traced a set of 
G stars each day. E's fastest time for 
any one star was for her sixty-first 
star traced in 201 seconds on March 
1 (E3, fig. 3) and her best star, the 
one with the fewest errors was her 
forty-first, the last one of the set she 
traced on January 25. It had 4 errors 
only. Her best average time for 6 
stars was 24^^ seconds on March 1 and 
her lowest average error was 12^^ on 
January 25. The star traced on March 
1 with her left hand, the last of the 
experiment, took 37-f seconds and con¬ 
tained 31 errors (E4, fig. 3) indicating 
transfer of training but also showing 
marked superiority for the right hand 
at this stage in the activity. 

B's fastest time for any one star was 
26 seconds, this being the time for her 
twentieth star and the last of the set she 
traced on November 30. She traced 
her best star with fewest errors on 
February 15, this being the last star 
of the group traced that day and the 
fifty-sixth of her series. She made only 
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3 errors on this star. B’s best average (B4, fig. 3) was 1 minute sDconda 
time was 36 seconds on December 7. with 66 errors. The best star B 



Her lowest average error was 9 made traced on March 1 required 34g sec- 
on March 1. The time for her final onds and contained 5 errors. It was 
star which she traced with her left hand the second of the group and the fifty- 
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eighth of the series (B3, fig. 3). This 
result indicates less transfer of training 
and even more superiority of right hand 
over left in this activity than was shown 
by the other subject. Each subject 
traced 63 stars in all. 

The stars in the right hand column 
of figure 3 are given for comparison. 
Cl is the first star traced by an average 
graduate student j C2 is the second star 
she traced and C3 is her twelfth. It 
must be remembered, however, in 
making comparisons with the stars 
traced by B and E that these girls 
were using their non-preferred hands 
while the graduate student used her 
preferred hand. C4 is a typical first 
attempt of an adult as given by Starch 
(3). 

Progress both in eliminating error 
and in lessening time is clearly indi¬ 
cated by the graphs in figure 4. The 
ordinates represent the average number 
of errors (the solid line) or the average 
time in seconds (dotted line). This 
graphical representation shows nicely, 
too, the acquirement of superiority of 
the right hand over the left hand in 
time taken and in the number of errors 
made, the 4 arrows on the right repre¬ 
senting the level of preferred hand 
achievement. 

PRACTISE EXEECISES 

On January 11, the third part of the 
experiment was introduced. As em¬ 
phasized in the earlier part of this paper, 
some scheme must be divised in order 
to have the children write with their 
right hands without calling attention 
to the writing itself. For this purpose 
a number of brightly colored flash-cards 
were made. The cards measured 5 by 
7 inches and the Rubjccts chosen were 


of a very diversified nature to eliminate 
monotony and hold the girls’ interest. 
Some cards contained words printed in 
various styles of lettering, others de¬ 
picted common objects while still 
others represented people performing 
some actions, such as sneezing, eating, 
etc. (see figure 5). The cards were 
shown for such a very brief space of 
time that the subjects had to focus 
their attention upon them in order to 
see what was pictured. Some of the 
cards showed several objects and the 
subjects had difliculty in finding just 
what the experimenter wished them 
to see, or rather, pretended to wish 
them to see. This situation added 
greatly to the interest created, by 
introducing an element of competition. 
The experimenter, of course was not 
interested in what was written down, but 
in the writing, the subjects were in¬ 
terested not in the writing but in what 
they wrote. 

The subjects were given the following 
instructions; 

"I am going to show you a card on which 
something is written or pictured, I shall 
let you look at it for one second, then I want 
you to write down as quickly as possible 
the word or object you saw. If you see 
the picture of a person doing something, 
write what the person is doing. Your 
writing and spelling doesn't matter, but 1 
want you to use your right hand and write 
quickly bq you woiL't miss the next card. 
Ready. Write!" 

On the first day 18 cards were exhibited 
and the subjects wrote with their right 
hands on lined paper with pencils. 
E-R2 and B-R2 of figure 6 show the 
result of this exercise. 

On January 26 and again on Febru¬ 
ary 1,21 new cards were used, the sub- 
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jccfs lieiiiK givon the siune directions, employed. The cue words were dic- 
The cards were held so (hat they were tated by the experimenter. Sonic of 
plainly risible to both subjects. For the words written by the girls during 

E"!—! Si^ — 


B~L I 
B-RI 




E-R2. 

Jkoj: 

.Ub 



B“R2 


JjttL 




y'^Jr -- 

^ O J^ n /v rXZ/~rf\ ^ 



B-R3 

yly’ty^yK^ 


yOyCiX^ 


yiy^ynYO^ 



Fig. 6 

variation, on I'ebruary 15 an “oppo- these tests are given in figure 6, at 
sites” test and a “whole-part” tesl;, each F-R3 and B-113. 

1‘CCjuiriiig 20 W'ords to bewritton, were Xhe rcmai'kable progress in writing 
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made by the subjects during the ex¬ 
periment is shown in figure 6. E-Ll 
and B-Ll were written on November 2 
when the girls were asked to write as 
they did in school (with their left 
hands). On the same date they were 
asked to write the same words with 
their right hands, it being stressed 
that their very best writing with that 
hand was required. Thus, E-Rl and 
B-RI show right hand performance 
when particular attention was called 
to the writing. In E-R2, E-R3^ 
B-R2 and B-R3 attention was directed 
away from the writing. It will be 
noticed that, at E-R3 and B-R3 the 
act of writing with the right hand has 
become practically automatic, the 
quality of this writing approaching 
very closely to that done when the 
whole attention was directed to the 
writing. The progress in execution 
from E-R2 to E-R3 and from B-R2 to 
B~R3 is quite obvious from the figure. 
All parts of figure 6 were reduced one 
half. 

At this time the teachers who taught 
the girls in public school were inter¬ 
viewed, and their cooperation sought 
in giving more frequent practise in 
writing with the right hand than the 
experimenter was able to give as he met 
the subjects only once every two weeks, 
E's teacher seemed to understand what 
was requhed but probably the experi¬ 
menter’s request called undue atten¬ 
tion to writing as the teacher noticed 
for the first time that E frequently 
made n’s like u’e though the experi¬ 
menter had noticed that little idio- 
syncracy the first time the subject had 
written her name on the blackboard— 
to be definite, on November 23. The 


teacher reprimanded E for her n’s. Ah 
E had never had any trouble in school 
previous to this time E’s mother was 
very upset and blamed the experimen¬ 
ter for ruining E's writing with her left 
hand. She was only pacified when the 
experimenter showed her some of E’s 
writing that had been done before the 
experiment commenced in which were 
found some n’s that looked like u’s. 
In a moment of confidence E told the 
experimenter that her father made 
that kind of n’s, that she liked them, 
had been making them for a long time, 
and was going to continue tomakethem. 
The experimenter persuaded her to 
make them the way the teacher 
wanted them as long as she was in 
that class. 

B’s teacher too, was well meaning 
but her method was confusing and 
interfered with that of the experiment. 
She made B write exclusively with her 
right hand instead of having her write 
a little each day as the experimenter 
had suggested. B complained of being 
tired but the teacher insisted. B com¬ 
plained at home that the teacher was 
trying to "break” her from writing with 
her left hand. The parents objected 
very strenuously to having B "broken” 
and it required much tact to convince 
the parents that the cxperimcntcT at 
least was not trying to "break” B uf 
anything. It is to be noted here that 
even one word such as the word 
"break” may wreck an experiment that 
has been going along successfully for 
months. 

The entire procedure oiitUned in 
this paper might well be termed an 
experiment in methodology. The re¬ 
sults seem to be on the whole positive 
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and the method used here gives many 
indications of solving, partially, at least, 
the i^robleni of parents and teachers 
as to what to do with the child who 
writes with the left hand. If the 
child is started early enough, if the 
teacher or parent is tactful and patient, 
and if the method used is one which 
minimizes to the lowest degree the im- 
jiortaiice of the writing done and places 
sufficient emphasis outside the writing 
—emphasis which diverts the attention 
from such things as the awkward “feeV’ 
of the pencil in the hand, poor coordi¬ 
nation (the hand won’t do what you 
want it to), undeveloped musculature 
ctc.^—^then, success is assured. The 
child will probably never forget habits 
learned with the left hand but he will 
acquire haliits with the right hand, so 
that performance with that hand will 


equal or surpass performance of the 
formerly preferred hand. 

Not all of the exercises were con¬ 
tinued till the right hand surpassed the 
performance of the left, but in the star- 
tracing this was certainly the case, to 
the surprise of the subjects who could 
hardly believe that they could trace 
stars better and faster with their right 
hands than with their left. 

The subjects were observed very 
closely both by their parents and by 
the experimenter to note whether there 
was any interference in their speech. 
At no time was any stuttering or stam¬ 
mering detected, proving quite con¬ 
clusively that in some cases manual 
activities may be learned by the non¬ 
preferred hand without causing an 
emotional upset and consequent speech 
defects. 
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The “Negative Phase” in Relation to the 
Behavior of Pubescent Girls 

E. B. Hurlock and S, Senders 


A lthough a number of boolts 
bfl,ve been written on adoles¬ 
cence and its most outstanding 
characteristics^ little attention lias 
been given to the pre-pubes cent and 
pubescent stages, and even less time 
has been devoted to a study of them. 
Recently, however, an increased in¬ 
terest has been shown in this subject, 
and a few investigations have been 
made. In Germany and Austria es¬ 
pecially, some observational studies 
have been made of these stages. In 
the United States, a few studies have 
been carried out to discover the rela¬ 
tionship between physical maturity 
and certain personality traits of hoys 
and girls. 

A summary of these studies will be 
made under the following headings; 
(1) meaning of the term Negative 
Phase; (2) its source of interest; (3) 
its characteristics; and (4) observa¬ 
tions made of the Negative Phase and 
other studies of physical maturity. 

MEANING OF THE TERM, NEGA'nVE 
PHASE 

Professor Charlotte Biihler of 
Vienna has given the name, Negative 

^ The junior author gatheivd and tabu¬ 
lated thfi data for thia Gtudy; the senior 
asaiated in planning the study, in the inter¬ 
pretation of its results, and in writing this 
report. 


Phase, to a behavior period of short 
duration (two to nine months) pre¬ 
ceding puberty in boys and girls. 
This term seemed to her to closcribe 
adequately the feelings mid beliavior of 
boys and girls during this j)arl.iciilar 
stage of physiological development. 
The term is justified on the grounds 
that there appears to be a comiilete 
reversal of the usual behavior of the 
individual, so that conditions which 
evoked a certain response before this 
period, now evoke passivity or the 
opposite of the usual response. 

SOURCE OF interest 

As has been the case with many 
psychological investigations of child¬ 
hood and adolescence, Professor 
Biihler's attention to the Negative 
Phase was first attracted liy JiterMture. 
Her source was the diariovS by 

boys and girls soon after puberty. In 
the case of the former, the average age 
was fifteen, and in the case of the 
latter, four Leon. In these diaries, ('!) 
she was impressed by the constant 
reference of l.he writers to their foel- 
ings of stress, generally rJiaracterized 
by a desire to withdraw from society, 
which occurred shortly before piilici'ty, 
the Negative Phase of dcvelopinenl.. 
In the 1929 edition of her bQ<»k (3) 
the number of diaries a\^ailable for her 
study was 52. From these, she has 
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generalized concerning the mental and 
einotioual tendencies characteristic of 
pubescent youth. 

CHiVUACTEniSTteS OF THE NDIGATIVT] 

phase 

Because of the large number of 
characteristics of the Negative Phase, 
it is desirable to group them in two 
categories, general and specific. 

General charaderistics 

The following description of the 
Negative Phase has been translated 
from Diihler’s (4) work based on a 
study of diaries of boys and girls. 

‘'An appearance of diainclination; rest- 
leaaDcaa; a physical arid njciitFi.1 mieftsineaa 
which finds expression in obstinacy, fer¬ 
ocity, waywardness, and iudulencc; irrita¬ 
bility, melancholia; hatred of self and soci¬ 
ety .as well ag hostility toward the latter. 
During Uiia period their lives are joylean 
and tireaome; everything ia unwelcome and 
appears evil or bad. Since the process of 
maturing uses up a good deal of the energy 
of the person, there results uncmia, fcired- 
nesa, or lassitude. Heightened aenaitivity, 
irritability, rcatlessnes-s, and the ease with 
which they can be cxcitiKl are eharflcteria- 
tics of the life of n pubescent.” 

Hildegiird Hetzer, (9) using the 
resultfl of her obscrvntiona of a group 
of girls, states that, '"this phase is 
characterized by passivity and rest¬ 
lessness; loss of interest; desire for 
isolation, neglect of productive ac¬ 
tivity; instability; lestlessiiiess; loss of 
skill of performance; withdrawal from 
friends, parents, ami teacher." On the 
other hand, Lucia Vccerka (17) found 
that those girls who were orphans, at 
this time longed for their parents. 

Althougli not referring to this Nega¬ 
tive Phase as such, August Kohl (11) 


describes the feelings, thoughts, and 
behavior of the pubescent quite simi¬ 
larly to the two preceding accounts. 
“How many young people groan under 
the yoke of the new, strange loads 
which puberty brings them? How 
much heartache does the attempt cost 
our half-grownups to compromise, un¬ 
guided, with the difificult, puzzling 
facts of a new life-epoch?" 

Special characteristics 

Some of the special characteristics 
of the period suggested by different 
wi’itcrs are as follows: 

Associations. There seems to be a 
general opinion that the character of 
associations undergoes a definite 
change at the time of puberty. 

Lucia Vccerka (17) found that pre- 
puberty associations are comradeships 
which are formed with many and 
which do not entail purely personal 
participation. During puberty or soon 
after, the associations are friendships 
with one individual only, seeking 
mutual understanding. There is a 
return to the comradeship type toward 
the end of adolescence when the 
individual joins societies. 

Up to thirteen years and five months, 
there were no general discrimination 
qualifications for the friendships. After 
that age, or during puberty, the girls 
would rather forego friendships than 
not have the ideal friend. Some of the 
qualifications for such a friendship 
are, according to her findings: "the 
friend must be a lover of truth; must 
be able to keep still; have strong 
principles; be intelligent; be under¬ 
standing and happy; must have no 
secrets from each other; each must 
have the courage to tell the other of 
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ea; must love each other," 
has noted that in her 
rUie the tendency was to- 
Bcrease in the number of 
well as toward a change in 
ctcr of the associations, 
^upky (12) noticed a similar 
the character of the associa- 
iys before and after puberty, 
loley Furfey (6) pointed out 
ok on the gang life of boys 
iges for joining the gang are 
to fourteen or puberty- At, 
r puberty, there is a sharp 
,way from participation in 
ivitieg. 

ship. Hetzer (8) found that 
he Negative Phase, changes 
both in the character of and 
jr leadership, A number of 
linquished their positions aa 
and Would have nothing to do 


grouped themselves about her. At 
the same time, the girls nvoklpd Iho 
person supervising their activities, in 
whom they previously confided and 
asked for advice. They grouped and 
banded only for the purpose of dis¬ 
cussing sexual explanations and read¬ 
ing disreputable literature, 

Hetzer (8) emphasizes the fact that 
during this period girls are more liable 
to allow this influence of tlisreputable 
and depraved elements to lead them 
to actual misdemeanor or sexual tle- 
linquoncy. This emphasis is given 
additional weight by Ciiariotte 
Biihler's (3) confirmation through a 
survey of the statistics for a ten years' 
period of a Juvenile Court in Berlin. 
The statistics revealed that there was 
a preponderance of sexual delinquen¬ 
cies during the thirteenth year, the 
time of the Negative Phase. 


a group formerly led by them, 
f them regained their positions 
ithers did not. On the other 
a few during this period at- 
d to become leaders. They 
tie girls who never before had 
adeis. The method of attaining 
id by these girls was radically 
nt from that of the girls who 
ed leadership before puberty, 
iaa the latter ha.d reached their 
m through superiority in some 
■1 ability, the former attempted to 
leadership through force, in- 
ation and coercion. 


OBSERVATIONS OF THE NEGATIVE 
PHASE AND studies OF PHYS- 
lOLOGICAh MATVUITY 

In 192G, Hetzer (8) who was in 
charge of an "Ilort" (an after-school 
recreational center) in Vienna where 
boys and girls came very day after 
school made an observation of the 
Negative Phase. She noticed during 
the year that some girls without appar¬ 
ent cause seemed to change. They 
became negligent in their vvork, rest¬ 
less, avoiding former friends, and 
forming friendships with girls of ill- 


iuence of dep7med elements. The 
c at this age is often of "ill- 
;e" as fietzer (8) describes her. 
mgh the girls avoided her before 
after this phase of development, 
rtheless, while they were passing 
ugh the Negative Phase, they 


repute who were generally avoided. 
Upon closer observation she found tlmb 
this change in behavior occuri'cd a 
short time before the establishment nf 
menstruation, when the restlessness 
and tension, during which nu work 
could be accomplished, ceased and a 
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return to former positive behavior was 
made. 

A great inimber of the girls began 
to write stories, diaries, and letters to 
imaginary persons or to Miss Hetzer, 
soon after thoir emergence from the 
Negative Phase. 

“The first productive activity at the ter- 
miiiJitiun of the negative phase,” according 
to Hetzer, (8) “is liteary. Letters, dramas, 
plays, diaries, and Htories are the vehicles 

of expression.The writing-s of pu- 

Ijoi-ty are not the writings of giftednesa, 
but of dovelopment. Later, attempts at 
creative expression iimy be voluntary, but 
during puberty, one is driven to expregaion.'’ 

Another Viennose study in regard 
to the social relations of girls during 
puberty was made by Lucia Vecerka 
(17). She had in all 1492 girls ranging 
in age from eleven to twenty, but 
used her own classes far intensive 
study. Specifically, through themeans 
of a questionnaire, she found that 
preference for being alone is an out¬ 
standing characteristic of puberty. 

Mary A. Leal (13) carried out an 
investigation in the schools of New 
Britain, Coimecticut, to find out the 
relationship between physiologiciil ma¬ 
turity and certain characteristics of 
and girls. She used the question¬ 
naire method. Tliese questionnaires 
were given to the teachers wlio listed 
the pupils manifesting the various 
characteristics named, among these 
were: impatience with restrictions; 
self-assertion; interest in opposite sex; 
avoidance of opposite sex; cooperation; 
gregariousness. The pliy.siological de¬ 
velopment of each pupil had been 
ascertained through the use of 
standard criteria for each of tlie three 
h',v«‘lH: pre-piibe.scent or i in mature, 


pubescent or maturing, and post- 
pubescent or matured development. 

She found that all the traits she had 
listed occurred to a lesser or greater 
extent in all the three stages of de¬ 
velopment with the exception of gre- 
gariousnesa which occurred in girls 
only in the matured stage. The occur¬ 
rence of some traits, however, were 
influenced by the type of maturity: 
early, normal or late. The appearance 
of other traits seemed conditioned by 
the I.Q., and still other traits were 
associated with chronological age. 

In girls of high T.Q., impatience 
with restrictions increased with age, 
while loyalty to a cause decreased with 
age. In girls of normal I.Q., the avoid¬ 
ance of the opposite sex increases 
with age, and loyalty to a principle 
and clique decreases with age. In 
girls of low I.Q., on the other hand, the 
avoidance of the opposite sex decreases 
with age as well as loyalty to a prin¬ 
ciple. 

In regard to the type of maturing, 
the early and normal types show in¬ 
terest in the apposite sex, whereas the 
late maturing avoid the opposite sex. 
The normal and late also show im¬ 
patience with reatrictions. 

PURPOSE or PRESENT STUDY 

The purpose of the present study is 
two-fold: first, to verify the inevitable 
occiUTcnce of the Negative Phase in 
pubescent girls which according to 
Hetzer (9) "is a first step or con¬ 
comitant of puberty. OmissLou of 
this phase is due to precocity or sexual 
misdemeanor," and, secondly, to ascer¬ 
tain whether sexual delinquencies 
occur predoraiuautly during the thir¬ 
teenth year, the time of the Negative 
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Phase which Charlotte Biihler (3) 
found to he the case in her study of 
cases in a Juvenile Court in Berlin. 

To our knowledge there has been no 
study devoted exclusively to the Nega¬ 
tive Phase as a whole with the excep¬ 
tion of Miss Hetzer's (8) whose in¬ 
vestigation has already been described 
in detail. This study will, therefore^ 
deal in the main with the results of 
her observation. 

METHODS OP PKESENT STUDY 

Questionnaires 

A study of records of high school 
girls was attempted, but after visiting 
a number of institutions and reading 
numerous cases, it was found that none 
kept records of systematic observations 
of the behavior of the girls: nor did 
many have recorded the dates of the 
establishment of menstruation. This 
method of procedure was, therefore, 
abandoned for that of the question¬ 
naire. Two forms of a questionnaire 
were prepared: one, to be submitted 
to girls of the ages between twelve and 
fourteen; and the other, to be sent to 
individuals who come in contact with 
girls of these ages and are in a position 
to have noticed or to notice the occur¬ 
rence of the characteristics of the 
Negative Phase. Unfortunately, the 
former questionnaire could not be used 
since no school would permit to be 
circulated among their girl-pupila a 
paper containing references to their 
emotional or mental condition during 
puberty, lest it cause unnecessary talk 
among them and direct their attention 
to an “unhealthy subject.'’ 

Five hundred questionnaires of the 
second form were circulated (1) among 


Junior High School advisor.s or prin¬ 
cipals who took charge of behavior 
problem girls, and who would, there¬ 
fore, come in contact with gals under 
the influence of the Negative Phase; 
(2) among Junior High School physical 
training teachers who, tlirough the 
periodic health examinations, are in¬ 
formed of the physiological develop¬ 
ment of the girls and at the same time 
are able to notice the appearance of 
many of the Negative Phase traits; 
as; passivity, cooperation, and leader¬ 
ship, etc,; (3) among raatrons in charge 
of homes,‘settlement houses and in¬ 
stitutions ; and (4) among school teach¬ 
ers. In order that the reports Khoiikl 
not be restricted to any one economic 
or social class the quastiounaries were 
disriibuted in different part^’ of New 
York City i-o get samplings from differ¬ 
ent social and economic groups. 

The questionnaires used in this 
study were constructed from points 
taken from Miss Hetzer's (8) results 
of her observations on the Negative 
Phase, Copies of the questionnaires 
are given on page 330. 

Court cases 

In addition to the qucsLiomifiirc 
method, court cases were .studied in 
order to see: first, how many of the 
girls brought to court bad recently 
established their menstrua l ion; and, 
secondly, to find out wliether the 
largest number of sexual delinquencies 
occurred during the thirteenth year, 
time of the Negative Phase as Char¬ 
lotte Biihler (3) found in her survey. 
These cases, numbering 142, were read 
at the Mental Clinic of the Childrcn’R 
Court of the City of N('w York at 137 
East 22d Street, with the permission 



QUESTIONNAIRE (For Teashers) 

Instructions; Please clieck the unawers. 

Have you aofciced any of the following changes in behavior of girls about 12-14, a short 
time before menstruation was established? 

In what per cent of girls do you judge these cliauges to oocur? 

1. Loss of interest in: school., work.. play.. home., friends. 

2. Desire to be alone? Yes. No. 

3. Neglcctof creative activity, such as playing piano, painting, etc. Yes. No. 

4. Reutlessacss. Instability. 

6. Withdrawal from companions? Yes. No. 

0. Withdrawal from parents? Yes. No.. 

7. Withdrawal from leadership in group? Yes. No. 

8. Hostility toward society? Yes,. No. 

{ Mother. 

Sister 

Brother. 


10. Tendency to be destructive? Yea. No. 

11. Did uiiy of the girls confide in you? Yus...... No 

12. In what per cent of the cases?. 


Any additional information may be written under "Comments.” 

COMMliJNTa 


QUESTIONNAIRE (For Girls; 

Instructions; Do not sign your name. Please check the answers. 

Aqe: 

Aoe OF First Mknstiiuatioji : 

Did you experience any or a number of the following changes in behavior n short time 
before menstruation was established? 

1. Lobs of interest in; school., work., play., home., ffiends. 

2. Desiro to be alone? Yea. No. 

3. Neglect of creative activity, such as playing piano, painting, etc. Yea. No,,.. 

4. ReatlesancBB. Instability. 

6. Withdrawal from compaiiiona? Yea,..... No. 

6. Withdrawal from parenbs? Yes. No. 

7. Withdrawal from leadership in group? Yes. No. 

8. Hostility toward society? Yes. No. 

[Mother. 

9. Hostility toward members of family? | . 

[Brother. 

10. Tendency to be destructive? Yea. No. 

11. Did you want any person to confide in? Yea. No. 

12. Did you confide in anyone? Yes. No. 

13. In whom did you confide? Mother..Teacher., Friend..Relative. 

14. Durationuf period. 

Any ndditionul information may be written under "Comments." 


COMMENTS 
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of its director, Dr. Helen Montague. 
They covered the years 1928-1929, 
and were for girls twelve, thirteen, 
and fifteen years of age. Girls in the 
last year group were used as controls 
for the first two groups, Each of these 
cases had complete family develop¬ 
mental and social histories as well as 


questionnaires into the four columns of 
table 1 in order that the aignificance 
of the results may be more adequately 
revealed and more easily compre¬ 
hended. The first column contains the 
percentages of occurrence of the Nega¬ 
tive Phase characteristics in relation 
to the total returns; the second column 


TABLE 1 


Questionnaires. Percentage of girls in each group showing “negative phase" trails 


TBAIT 

AIT occaa- 

BENoa FOB 
total hetuhnh 
or QLrasnoN’- 
N Ain as 

OROtTP KnOM 
Toon iiobiEa 

IN hblation 
TO total 
nETURNH 

an nop fuOm 
T oon UOAIEO 

nnoop rnoM 

DETTEft 

uaua!i 


per cent 

per cent 

pur cETl( 

per ce«{ 

Loss of interest in sohool. 

36 

25 

02.5 

17 

Loss of interest in work... 

26 

, 15 

37.6 

17 

Lobs of interest in play. 

20 

15 

37.5 

8 

Loss of interest in friends. 

36 

25 

02.5 

17 

Desire to be alone. 

35 

25 

62.5 

17 

Neglect of creative activity. ...! 

35 

10 

; 25 

42 

Restlessness. 

65 

35 

1 88 

60 

Instability. 

45 

30 

75 

26 

Withdrawal from companions. 

35 

25 

1 82.5 ' 

17 

Withdrawal from parents.1 

15 

5 

! 12.5 

17 

Withdrawal from leadership. 

26 

15 

37.6 

17 

Hostility toward society.. 

25 

20 

50 

8 

Hostility toward members of family...... 

0.25 



10 

Mother. 

5 



8 

Rather.... 

6 



3 

Sister... 

5 



8 

Brother.. 

10 



17 

Tendency to be destructive. 

30 

25 

62.5 

8 

Did any confide in you..... 

40 

30 

75 

17 

Percentage confiding. 

40 

30 

75 

17 


physical and psychological examina¬ 
tions. 

EEBULTa OP PRESENT STUDY 

Questionnaires 

One hundred and sixty question¬ 
naires were answered and returned. 
The results have been assembled in 
table 1. It was found expedient to 
distribute the results of the returned 


contains the percentages of the occur¬ 
rence of these characteristics in the 
girls from poor neighborhoods in rela¬ 
tion to the total returns; the third 
column contains the percentages of the 
occurrence of the characteristics in the 
girls from poor neighborhoods in rela¬ 
tion to the total questionnaires re¬ 
turned from schools situated in those 
neighborhoods; the fourth column con- 






















332 


Huhlock and Sender: The Negative Phase 


tains the perccntageis of the occurrence 
of the characteristics in girls from 
better neighborhoods in relation to the 
total questionnaires rotui'ned from 
schools situated in those neighbor¬ 
hoods. 

Considering the columns one by one, 
we notice that the largest percentage 
(C5) for the occurrence of restlessnesa, 
and the next largest (45) for the occur¬ 
rence of instability. Loss of interest 
in Bchool and friend-s, desire to be 
alone, neglect of creative activity, and 
withdrawal from companions, each 
have the same percentage of 35, while 
the tendency to be destructive occurs 
in 30 per cent of the reports. Loss of 
interest in worh, withdrawal from 
leadership, and hostility toward so¬ 
ciety, each has a somewhat reduced 
figure of 25 per cent. Except for 
restlnssne.ss, then, the percentages of 
occurrence of the characteristicLS de- 
.scriptiveof the Negative Phase are all 
below fifty. One would conclude, 
therefore, that generally the behavior 
of the Negative Phase is not con¬ 
comitant with puberty. However, let 
us consider the data contained in the 
other columns which contribute to¬ 
ward the make-up of the first column. 

In coiiiparisou with the first column 
the .second column contains relatively 
large percentages of occurrence of the 
traits. This fact is more clearly evi¬ 
dent in the figures of the third column 
which indicates the percentages of 
occurrence of the Negative Phase 
behavior in girls from poor neighbor¬ 
hoods in relation to the total number 
of questionnaires returned from such 
Bcclions. The majority of figure.s ex¬ 
ceed the fifty per cent mark; restless¬ 
ness SS per cent; instability 75 per 


cent; loss of interest in school and 
friends, desire to be alone, withdrawal 
from companions, and the tendency to 
be destructive each reach the rela¬ 
tively high figure of 62.5 per cent; while 
hostility toward society receives ex¬ 
actly 50 per cent. 

The fourth column shows relatively 
the smallest percentages of occurrence 
of these trails, only restlessnesB re¬ 
ceives 50 per cent and neglect of creative 
activity, 42 per cent. With the excep¬ 
tion of instability the remaining charac¬ 
teristics do not receive percentages 
higher than 17. The higher percentages 
for neglect of creative activity here than 
in the other columns may be explained 
by the fact that in the well-to-do 
homes the girls are given the oppor¬ 
tunity to take lessons in some creative 
expression, as piano-playing, dancing, 
painting, drawing, etc. Neglect of 
these activities, therefore, would be 
noticed more amongst this group than 
in that of a poorer group who had no 
opportunities to develop or train along 
these lines. 

It is also interesting to note that 
hostility toward parents occurs among 
the better class girls rather than the 
poorer class. However, this fact is 
not so surprising after analysis. It is 
well known to people in contact with 
foreign families that the parents liave 
little control over their American born 
children and the latter have little 
respect for the parents. Even in the 
cases where there are strict fathers, 
the children have their way because 
the mothers are usually weak dis¬ 
ciplinarians, relying on the threat to 
tell the father. When the father comes 
home at niglit, the complaint is for¬ 
gotten and the child goes scot free. 
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However^ for the closer supervised girl 
of the better class, the chauces for 
friction during this period of develop¬ 
ment manifested generally by restlcss- 


with Leal's (3) findings that at puberty 
girls show increased avoidance of the 
opposite aex. However, it would be 
worthwhile to know the ages of the 


table 2 

M.A.f J.Q.^ and grade stni'Lts oj delinquents studied 



HA-NQia 

avehaqh j 

j 

' 1 

r.E.„v. 

12 year old group- 39 cages (1928-1929 records) 

■ji,^ .. 

(i-11 

9.07 

9,08 

1,29 j 

0 95 

T Q ... 

60-90 

73.98 

1 70.32 

10,81 1 

7.72 


3A-SA 

4B-5A 

4B-5A 

1 

2.4 

1.3 


13 year old group. 69 cases (1928-1929 records) 

A. .^ 

7-16 1 

10.72 1 

10.50 

1.69 

, 1.19 

TO .. 

52-124 1 

78.79 I 

77.37 

, 14.23 

1 8.80 

J. .A|5 f 

4A-9B 

QA 

5B-6A 

1 2,48 

1.46 





15 year old group. 44 

cases (1929 records) 



A . 

7-17 

11.08 

10.72 

2.29 

1.64 


48-120 

73.45 

71,36 

16.71 ' 

10.24 


4B-High 

ScboDl 

7A 

7A-7B 

3.06 

2.34 







TABLE 3 

f.Q. scores for types of ddinq;uency 


12, 13, and 15 year old Etoups combined. 142 casea (1928-1929 records) 



NUMBER 
OY' CAHYLB 

PEll cent QP 
DBLIKaURNCY 
IK HBLATrOfJ 
TO TOTAN 
DiniilNQEENCIKB 

FOR aaoufa 

CQMnlKEQ 

RANOli] 

AVEnAQEl 

MEDIAN 

i- 


r.E-ttv. 


60 

42 

49-116 

71 

1 71.63 

12.14 

7 37 

Incorrigibility. 

17 

12 

53-95 1 

77.36 

77.6 

1 10.68 

3 .07 

Truancy . 

5 

3 

65-85 

77 

77.5 

i 7.48' 

6.25 

Desertion. 

. 

35 

18 

24 

11 

65-120 

52-124 

83.57 ' 
76-87 

84.50 

76.66 

16.72 

15.09 

12,38 

7.5 

Stealing , 

6 

4 

60-80 

71.67 

70 

7.45 

6.2.5 

Sundry. 

3 

2 

68-86 

78 

92,5 

16,37 

9.37 


neas are greater and hostility toward 
the parents is the result. 

The increased hostility toward the 
brothers of the family would agree 


brothers, since many writers iiave 
noticed that girls during this period of 
development prefer older men, because 
maturing earlier they resent the un- 
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eyiiipatlictic behavior of the immature 
boy of the same chronological age. 
Except for restlessness then, Negative 
phase behavior is not manifested by 
this gro^ip of girls. 

Inasmuch as the majority of the 
reports contained in column 3 came 
from the same congested East side 
neighborhoods as the delinquents 
studied at the Mental Clinic, it may 


TAB1<E 1 

Home conditions of dclinqueiil group 


CONDITIO NH 

PiLii cP7>rr 

or OASEM 

Paronta living tngetbcr. 

42 

Homefl without fathers. 

' 16 

Homefi without motherB. 

15 

Both parents absent (living with 
relative . . 

22 

ParentB not married. 

6 


TAIJLE 5 

PcrcenlagE of riativc and foreign-horn 
delingMCula, 



peh 

CENT OP 

1 CABEa 

Native-born children—niitive-bom 

34 51 

Native-born children—foreign-born 
parents.... ... 

53.73 

Poreign-boi'n children—foreign- 

horn pitrenta. 

1 11.76 


be assumed that the similar , 

Gocial, 


economic, and mental conditions ob¬ 
tain for both groups. With this 
assumption, as wc can draw upon the 
tables describing these conditions of 
the delinquents. 

Table 2 gives a mental picture of 
these girls brought to court: they are 
all in the borderline class on the 
average, three to four years retarded 


mentally and one to two years back¬ 
ward in school. This general descrip¬ 
tion of their mental development 
agrees entirely with that of the group 
observed by Hetzer (8). 


TABLJ3 0 

Family income in relation to ntimbei' of 
childreTi 


FAMfl-V INtTasriS run IVEEK j 

PHUDBNTAQB OP PAJirMBa 

Two children per family 

dollara 

■per conC 

25 

31 

26-32 

14 

33^ 

20 

41^fl 

11 

60 and above 

24 

Three children per family 

25 

1 20 

26-32 

' 17 

33-40 

2l 

41^9 

15 

50 and above 

27 

Four children per family 

25 

19 

26-32 

15 

33-40 

20 

41-49 

14 

60 and above 

32 

Five children per family 

25 

13 

26-32 

14 

33^0 

21 

41-49 

15 

50 and above 

37 


The parental conditions indicated in 
table 4 show that more than 58 per 
cent of the children have either no 
fathers, no mothers, no parents, or the 
parents are not married. These home 
conditioiiH are conducive to lack of 
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gupervision. In the 31 per cent of the 
cfiaes where there is cither no father 
or mother; it means that either the 
oldest gii’I, who may be younger than 
a number of her brothei's, supervises 
the home, or the children are left 
alone, because the father or the mother 
must work. No doubt, as a result, the 
street is the children’s playground. 
Hetzer's (8) group was equally un- 
supervised. 

Table 5 shows that 65.49 per cent 
of the delinquents are native or foreign 
born children of foreign born parents, 
the majority (54 per cent) comprising 

TABLE 7 

Mumber and percentage o/ 8 b3cuqI deCiTi- 
quenciea in eaeh year group (1929 records) 
■in rcJoiiOTi to the total delinquencies for the 
three year groups (IS, IS and IS year old 
girls) 



NBMnnin Olf 

1 6£XI7Ali 

DBUNtiUIiUCIBB 

rian oT* 

0EXIJAL 

DELlNqTT^NClS& 

12 

11 

31 

13 

12 ; 

33 

16 

13 

36 


the group of native born children of 
foreign born parents. The behavior 
of these children toward their parents 
has already been discussed. 

In table 6 are given the economic 
conditions of the families from which 
the delinquents came- Thirty-one per 
cent of these families consisting of 
husband, wife, and two children, live 
on twenty-five dollars a week; twenty 
per cent of them consisting of husband, 
wife and three children subsist on 
twenty-five dollars a week. And, un¬ 
believable as it may aeem, nineteen 
per cent of the families, father, mother 
and four children, exist on twenty-five 


dollars a week. Forty-two per cent 
of the families are comprised of six- 
children, father and mother, and have 
an income of fifty dollars a week. 

To sum up, the home conditions 
of these girls are deplorable, the 
economic status inferior, and their 
mental development retarded. No 
doubt, under these conditions, they 
Would also be undernourished. Al¬ 
though in a few cases the physical 
conditions of the girls were mentioned, 
it was not done consistently enough 
to obtain figures on it, 

It would seem then that restlessness 
and instability generally are concomi¬ 
tants of puberty. The other charac¬ 
teristics of the Negative Phase are 
manifested by girls who lack self 
control and good training. As Hetzer 
(8) observed, the girls in her group 
also gave vent to their feelings and 
emotions easily and unrestraincrlly. 
Her conclusions in regard to the occur¬ 
rence of the Negative Phase charac¬ 
terized by the traits listed in table 1 
have been substantiated by the group 
from the poor neighborhood but not 
by the group from the better sections 
of the city. In her conclusion that 
these characteristiCR are coticomitant 
with puberty, she failed to specify 
that these might be applicable only 
to the group she observed. She 
generalized the behavior of the ob¬ 
served girls and supposed that the 
Negative Phase is a stage through 
which all girls pass, 

It may be illuminating to cite the 
contents of some of the qiieBtionnaires 
characteristic of the two groups. The 
following quotations arc from schools 
in the better neighborhoods, "I have 
never experienced any very unusual 
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cases in ray teaching here/' and "we 
notice that girls are irritable at this 
time, and unusually nervous, but not 
behavior problems; this hritability 
ceases when menstruation ia estab¬ 
lished." However, a questionnaire 
returned from a girls’ home states that 
50 per cent of the girls lose interest in 
school, work and play; desire to be 
alone; neglect creative activity; show 
reLStlessncss; withdraw from their com¬ 
panions; and become hostile toward 
society. This hostility toward society 
on the part of the girls in homes is 
explained by the matrons by the fact 
that girls at this period of development 
become sensitive to living in a home; 
become resentful and blame society at 
large for their plight, Girls at this 
time will also rebel at very strict and 
what they consider unsympathetic 
supervision. 

This lack of restraint in expression 
of feelings and emotions at the time 
of puberty, therefore, may be due to 
lack of training in self-control, lack of 
supervision and direction in the child's 
activities, or lack of mental and social 
development to realize the offensive¬ 
ness of his behavior, rather than to the 
physiological condition which is 
characteristic of this period of the 
individual's life. 

Court cases 

An examination of the court records 
showed that a majority of the girls 
were of foreign parentage; i.e., they 
are the first American born generation 
of parents born abroad. Table 5 
reveals that 54 per cent of the delin¬ 
quents belong to this group. A great 
number of the parents arc illiterates, 
both in their own and in the English 


language. Some are not even able to 
speak English, although they have 
been in the United States more than 
fifteen years. This illiteracy may be 
the result of lack of opportunity to 
learn, but after reading the case his¬ 
tories the impression is given that it is 
due rather to their dullness or inability 
to learn. In the main, the fathers 
are unskilled manual laborers of an 
inferior social status. 

The home conditions of these girls 
are far from favorable as has been 
mentioned previously. Tabic 4 makes 
this fact clear. Thirty-one per cent 
of the families lack either a father or 
mother. In either case, the parent ia 
absent all day at work and the children 
are left to their own devices or to the 
supervision of the oldest sister. There 
is, therefore, little supervision of their 
behavior, direction of their play which 
takes place on, the streets, or knowledge 
about their associates. In 32 per 
cent of the 142 cases studied, the 
mother is working either because the 
husband is dead, has deserted, does not 
earn enough to support the family, 
or is not employed steadily. 

Nor are the neighborhoods from which 
these girls come any better, since their 
locations are on the lower East side of 
New Yorlc or in other congested areas 
of the city. Inasmuch as the parents 
are foreigners who speak little English, 
they tend to settle in their respective 
congested national districts, where any 
attempt at Americanization is un¬ 
necessary for them to get along in 
business or social life. 

The pitiably small incomes of the 
families of these girls is shown in 
table 0. Thirty-one per cent of these 
families consisting of the parents and 
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two children live on twenty-five dollars 
a week. Forty-two per cent of the 
families including father, mother and 
six children subsist on fifty dollars a 
week. Twenty per cent of the families 
comprised of father, mother, and five 
children exist on thirty-tliree to forty 
dollars a week. These are some of the 
deplorable environmental conditions. 

Ah inclusive description of the 
mental development of these girls can 
be obtained from table 2. The twelve 
year olds are in the borderline class, 
retarded three years mentally and two 
years scholastically; the thirteen year 
olds are also in the borderline class, 
retarded three years mentally and one 
year scholastically; and the fifteen 
year olds are in the borderline classi¬ 
fication too, retarded four years men¬ 
tally and two years backward in 
school. Although the I.Q. scores and 
Mental Ages of the other two groups 
are not much higher than those for the 
twelve year olds, yet their scholastic 
attainments arc greater. This is per¬ 
haps due to the practice of promoting 
boys and girls on the basis of their 
chronological age rather than on the 
ba.gi.s of their mental ability. 

Table 3 shows the percentages and 
I.Q. scores for the same kind of delin¬ 
quencies for all the three year groups. 
The sexual delinquencies have the 
highest percentage of occurrence and 
their average I.Q. score is the lowest 
for all the delinquencies. This fact 
agrees with the findings of Jjeal (13) 
that in girls of low I.Q. scores the 
avoidance of the opposite sex decreases 
with increasing age. 

In reading lire eases, the writer came 
across the expression occasionally that 
the mi.sbchavior had recenijy star ted. 


It was also found that the girl liad but 
recently established hci' ineii.struatioii. 
These occurrence.'H were very few, only 
five or .six in the entire groiiji. 

From the foregoing consideration of 
the sexual delinquents, it would seem 
that the girls of this gr<Hip are more 
suggestible for reasons other than 
merely the physiological. A large 
number of these sexual clolinquents 
had been raped, but the iinpressivc 
feature was that they failed to resent 
these forced relal;it>ii.s. Perhaps the 
charge of rape was an alibi for l,lie 
judge. Others asked men in the 
streets for money to buy candy or go 
to the movies and submitted to the 
men's advance.^. Some were initiated 
into the sexual delinquenciOB b^'' b:ul 
companions. The single ciiaracttu- 
istic feature of all these girls seems to 
be lack of social judgment or sensitive' 
ness to social approval or disapprovah 
This lack of regard for the oijinioii of 
others may be the result of a nurnber 
of factors: insufficient supervision by 
parents, subnormal inteUigenee, bad 
companions, physical inferiority, or 
debasing surroundings in the Uoiiic and 
ncighborJiood, A.s so many of these 
girls wore exposed to a niimlHir of t he 
above mentioned Lmdesifa])](^ factors, 
one cannot attribute tlu‘- delinquency 
to any one of tiuun. Furlbennore, 
many of the family In.stories mentioned 
sisters, botli younger and older, living 
in tile same environmeut, and of prac¬ 
tically similar caliber, as dei.ennined 
by their school grade attaininentH, who 
were sexual delinquents. It sccnis, 
therefore, tiiab the cause for the 
delinquency is Ui be fcuind in llic 
girPs own individual tiiabenp, wliicli 
is influenced liy condilionB and cireuiu- 
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stances which might not affect others 
of different makeup. 

Because of their intellectual re¬ 
tardation, these girls probably cannot 
sublimate their sexual desires in in¬ 
tellectual and esthetic appreciations 
which appear generally as new capaci¬ 
ties in the intelligent adolescent. 
Many of this group had just come out 
of homes where they had been emotion¬ 
ally suppressed and isolated from 
nonnal social contacts. As a result 
of this environment they are apt to 
become delinquents when released at 
the critical time of puberty. 

SUMMARY 

1. The questionnaire study of occur¬ 
rence of the Negative Phase traits in 
pubescent girla showed the highest 
percentage (65 per cent) for restless¬ 
ness and the next highest (45 per cent) 
for instability. 

2. Loss of interest in school and 
friends, desire to be alone, neglect 
of creative acivitity, and withdrawal 
from companions, each had the same 
percentage (35 per cent) of occur¬ 
rence. 

3. The tendency to be destructive 
occurred in 30 per cent of the reports, 
while loss of interest in work, with¬ 
drawal from leadership, and hostility 
toward society, each had a somewhat 
reduced figure of 25 per cent. 

4. There was a wide disparity be¬ 
tween percentage of occurrence of the 
Negative Phase traits in girls from poor 
homes and those from better homes, 

5. The occurrence of these traits in 
girls from poor homes constituted 80 
per cent of the total occurrence of 
hostility toward society; 71 per cent 
of loss of interest in school and friends, 


desire to be alone, and withdrawal 
from companions; 60 per cent of loss 
of interest in work, withdrawal from 
leadership, and instability; and 54 
per cent of restlessness. Restlessness is 
about evenly distributed between the 
two groups. 

6. The girls reported showing be¬ 
havior characteristic of the Negative 
Phase belong to an inferior social and 
economic level, have deplorable home 
conditions, and are of retarded mental 
development. 

7. These girls live in the foreign 
settlements and other congested areas 
of New York City. 

8. The results of the study of court 
cases did not show a preponderance 
of sexual delinquencies during the 
thirteenth year, although the per¬ 
centage of sexual delinquencies in 
relation to the total delinquencies of 
the twelfth and thirteenth year groups 
respectively were larger than that for 
the fifteenth year group. 

9. Sixty-five per cent of the delin¬ 
quents are native-born of foreign-born 
parents; 58 per cent of them had either 
no father, mother, parents, or the 
parents were living together un¬ 
married. Thirty-five per cent of the 
families consisting of father, mother, 
and two children, had an income of 
twenty-five dollars per week; while 20 
per cent of the families consisting of 
parents and three children also lived 
on an income of twenty-five dollars 
per week. 

10. The majority of delinquents 
came from the poor, congested areas 
and East Side of New York City. 

11. On tho average, the delinquents 
of all groups were of borderline in¬ 
telligence. They were retarded two 
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to four yeara scholastically, and three 
to four years mentally. 

12. The average I,Q. scores for 
sexual delinquencies is the lowest of 
that for all delinquencies and decreases 
with increased age. 

It would seem, therefore, that bad 
environment, undisciplined up-bring¬ 
ing, lack of self-control, and mental 
retardation, which are a few of the 
descriptive conditions of the girls from 
poor homes, have something to do 
with the oceurrence of Negative Phase 
behavior, since this group showed high 
percentages for occurrence of the traits 
characteristic of the Negative Phase. 
The group observed by Miss Hetzer 
(8) were of similar social, economic, 
and mental status. The fact that the 
Negative Phase behavior was prev¬ 
alent among them did not warrant 
the conclusion that the Negative 
Phase is a “necessary concomitant 
with puberty,“ The mental retarda¬ 
tion of these girls may be a cause con¬ 
tributing to their misbehavior. No 
doubt girls of better homes but who 
have often been pampered would also 
ehow Negative Phase behavior. Since 
their behavior, generally, is wilful and 
egotistical, the restlessness during 
puberty would tend to niaaifest itself 
in hostility and other traits of the 
Negative Phase, a mere exaggeration 
of the normal behavior. 

CONCLUSIONS 

1. The above data seems to justify 
the following conclusion: that gen¬ 
erally restlessness and instability are 
concomitants of puberty in girls, but 
whether this disquietude becomes 
marked enough to be outstanding 
depends upon a number of factors, the 
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most important of winch arc onvirou- 
ment and home training. The girls 
rcpor(,ed showing the bcliavior charac¬ 
teristic of this i)has(s wore from in¬ 
ferior social and economic levels; they 
lived in poor, congested noighl>or- 
hoods; were unsupervised in their play 
and condiict; and suffered from de¬ 
plorable and undesirable home condi¬ 
tions. Ina.smuch as the group Hetzer 
(8) ob.servcd was of similar dcscrip- 
tioiL, it would Hcem that the aj>pear- 
ance of Negative l^hase in girls 
shortly l^efore or durizjg pjibcrly de¬ 
pends uijon environuionta! factors, and 
fits in with the suggestion lliat de¬ 
velopmental maturities can 1)C modified 
by influences from without. Like the 
child who has not beem trjnned in the 
proper luaiiipuliition of toys will inalie 
random movements with them, so tlu* 
unsupervised, socially untrained phys¬ 
iological maturing individual will ox- 
press her restlessness in an uncon¬ 
trolled manner. 

2. The occurrence of s(!xual delin¬ 
quency, it would Bccm, may be con¬ 
ditioned by a great many factors': 
insufficient supervision by jiarentR, 
subnormal intelligence, bad com¬ 
panions, ])hysical inferiority, debasing 
surroundings in ihe liomc aiul 
iicighborliood rather than jjbysiological 
development. Many of the sexual 
delinquents in the twelflh and 
thirteenth year groups had had sexual 
relations with men from si.x months to 
two years previous to arrest. There¬ 
fore the sexual drive is only reinforced 
during [juberty and not introduced for 
the first fime, sluce the delinquencies 
had already occurred bi'fore (hat |>hys- 
iological period of developtnuut wa.s 
reached. Tlieir menial relardidiori 
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probably prevents them from sub¬ 
limating their sexual desires in in¬ 
tellectual and esthetic appreciation 
which generally appear as new capac¬ 
ities in the intelligent adolescent. 
But one must not put too much em¬ 
phasis upon either the immediate en¬ 


vironmental factors nor mental cahbor 
as the fundamental factors in be¬ 
havior. Rather one must loolc to the 
peculiar personality of the individual 
which is played upon by emotional 
appeal plus concomitant circurn- 
stances. 
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Brief Reports 

The Kohs Block Design Test 

rpi-IE ICoha block design test wag arcd4oj)pedldock, and iisked 
^ given to 29 children in the Child to point to all blocks that had the sniiui 
Institute of the Johns Hopkins Uni- color on top. The |Mawodur<‘\vaa 
versity. The subjects ranged in age used for the other three colors, 

tadt.e 1 

Time in (!cco7}th 
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A(1B 
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72 ' 

73 
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Norm 

7 ' 

1 

34 

72 

70 

79 

92 

122 

iOS 

76 

77 


from two years four months to five 
years three months. 

PROCEDURE 

Sixteen colored cubes were placed 
on a table before the child so that the 
single-colored faces were on the tnp- 
side of the cubes; tliore were an ctiual 
number of red.s, yellows^ Idues^ and 
whites. The experimenter poin(,ed to 

:hi 


After the eliild showed sulfieiiiit 
color discvimiivation, a t rial design was 
formed. Pantotninie was used Ireely, 
with the pubjeet waiching closely. 
The child was ilien reqiiesled ( o repeat 
tlie operation. This in'ueeduit* w.'S"' 
repeated until the eldtd under,sLood. 
The blocks were then sliutlled so (hal. 
when i)!ac(‘d before the eliild, no more 
than one quarter of (he Idoets h:nl 
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top-side colors which were present in 
the design, the separate blocks being 
placed apart, fiat on the table, and not 
piled one on top of another. 

The child was told: “What you are 
to do is this: Take these blocks, pick 
out the right colors; put them together; 
and make them look, on top, just like 


test was scored according to Kohs' 
score chart, using conectness of de¬ 
sign, time, and moTes as factors. 
These scores are given in table 2. 

No child in the two year group car¬ 
ried out the instructions. The only 
response elicited was that of piling the 
blocks. 


TABLE 2 


Combined scores and age norms 



C.A. 

i.q, 

edub' 
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D.A, nuIlMB 
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7 
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0 

11 

4 

9 

87 

3 

1 

6 

6+ 

6 

3 

12 

4 

11 

121 

27 

5 

9 

11 
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2 


this,” (pointing to design which was 
exposed as model). The time and 
number of moves were recorded. 

Designs 1 to 9 were given except in 
cases of failure on three successive 
designs, when the test was stopped. 

The time scores for the different 
designs are given in table 1. These 
scores for individual designs show the 
ability of some children at an early age 
to accomplish this performance for 
which age norms are not given. The 


Two children in the third year group 
obtained scores of 17 and 49 respec¬ 
tively. Each had had access to col¬ 
ored blocks in the home. 

Ten out of seventeen in the four 
year group made scores ranging from 2 
(first design only) to 55 (all nine de¬ 
signs). Some had had access to 
blocks, others had not. 

Neither of the two five year subjects 
was able to succeed in any design. 

Pauline Eigler. 
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Differences in Measurements Made in the Nude and 
Clothed For Children between Seven and 
Nine Years of Age^ 


I T IS often necessary to measure 
children clothed, especially if a 
large group is being examined in a few 
hours' time. The value of such mcas- 
urementa as compared with those made 
with all clothing removed can well be 
questioned, but judging from the re¬ 
peated requests for information about 
differences found between clothed and 
nude measurements, their relative 
worth has been clearly recognized by 
investigators. 

Ninety-seven boys and 67 girls 
between the ages of seven and nine 
years were measured during the month 
of January, 1929 according to the 
technique described by Baldwin (1). 
They were boys and girls from homes 
where all the necessary comforts of 
living were available, so that the 
amount of clothing which they were 
wearing could be considered adequate. 
The study was conducted throughout 
the month, during a period when the 
temperature averaged twelve degrees 
above zero. By accident rather than 
design the greater part of the work was 
done when the mean temperature cen¬ 
tered near zero. The clothed meas¬ 
urements were made over such cloth¬ 
ing as the children wore in a well 

*Thia afcudy was dixecteil at the Iowa 
Child Welfare Research Station by Sarah 
Idell Pyle and Helen Garside Kelly. See 
Clark, Grace; The relation of the growth of 
a aegjoaent of the cheat to general body 
growth. Iowa Child Welfare Research 
Station, Unpublished Master’s Thesis, 
1929, pp. 87. 


heated study hall, with shoes and top 
coats or sweaters removed. Immedi¬ 
ately following the clothed mcasiire- 
ment, each child was measured in the 
nude. 

The children ranged in hgc from six- 
years and six months to nine years and 
five months. They were eeparated 
into year age groups in order to lincl 
the average differences between meas¬ 
urements clothed and nude at eacli 
age, since the relative amount of 
clothing worn might be different for 
the younger and older children. The 
nude values were then subtracted from 
the clothed and averaged for each sex. 
The results are shown in table 1. 
Height is not included because it was 
only measured in the nude. They 
tended toward the upper limits of 
medium build according to the Bald¬ 
win-Wood standards. The difference 
in weight is expressed in pounds, tlie 
difference in other dimensions in centi¬ 
meters. 

A ratio waa computed by dividing 
the difference between the means 
clothed and in the nude by the iifob- 
able error of the differeucH! to uee 
whether clothing has a inarkod effect 
on mea.suremen t.s. A ratio of 3.0 was 
considered significant. The findings 
showed that chest circumference and 
the antero-postcrior diameter were 
increased significanil}^ by the tbickiic.sa 
of clothing in the seven and eight-year- 
olci groups of girls. Width of hip.s at 
seven and eigiit and depth of che.sl, nt 
eight were also increased signilicantly 
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TABLE 1 


Mean difcrences between measurements for boys and girls clothed and in the nnde 


A OB, 
YBA-HB 

MOMDBB or j 
CKILOn'DN 1 

WBIQBT 

BITTINO 

kbight 

■WIDTH OV 
SlIOULDSnS 

TfVlUTH DT* 
Hipe 

WIDTH OF 
CHEST 

DEPTH OP 
CIIBST 

circduper. 

BHDB OV 
CHUBT 





Boys 





7 

37 1 

1.69 

0.29 

0.34 1 

1 0.61 1 

0.37 

' 0.37 1 

2.04 

8 

35 1 

1.86 

0.29 

0.35 

1 0.71 1 

0.34 

0.43 1 

1.82 

9 

25 

2.25 

0.22 

0.22 

0.57 1 

0.39 

1 0.46 

1 1.99 

Girls 

7 

22 

1.39 

0.48 

0.32 

0.4S 

0.30 

0.43 

2.05 

8 

23 

1.68 

0.40 

0.27 

0.64 

0.32 

0.45 

2.01 

9 

22 

1.62 

0.27 

0.28 

0,35 

0.30 

0.43 

1.28 


TABLE 2 

Mean, probable error of mean, standard deviation, and coefficient of variability in nude and 
clothed m,sasUTBmenis 


^MEAaOREUENT 

l^UDU] 1 

CLOTHED 

Modn 1 

P.E.m 

S.D. 1 

V 1 

MpiMI j 

p.B.m I 

S.D, 1 

V 

Girls 


54 56 

0 88 

10.8 

19.8 1 

56.13 

0.90 

10.98 

19.66 


67.89 

0.25 

3.06 

4.51 

68.27 

0,25 

' 3.04 

4.45 


28.30 

0.17 

2.06 

7.28 

28.59 

0,17 

1 2.07 

7.24 


22.35 

1 0 14 

1 1 68 

7.52 

22,85 

0.13 

1.62 

7.09 


57.92 

0.12 

4.90 

8.46 

59.70 

' 0.37 

4.54 

7,60 


19 21 

0.12 1 

1.50 

7.81 

19 52 

0.12 1 

1.51 

7.74 

Cheat depth ... ... , 

14.771 

0.11 

1.39 

9.41 

15.22 

0.11 

1.341 

S,80 



Boya 


Weiffht.. -.... 

54.51 

0.69 

8.61 

15.79 

56.40 

0.62 

9.10 

16.13 

Sitting height. 

68.50 

0.21 

3.05 

4.45 

68.77 

0.18 

2.70 

3.92 

Width of ahouldcTB. 

28.60 

0.11 

1.65 

' 5.77 

28,92 

0.11 

1.60 

5.53 

Width of hipa. 

21.94 

0,10 

1.47 

6.70 

22.59 

0.10 

, 1.51 

6.68 

Chest circumference. 

59.14 

0.23 

3.33 

5.G3I 

61.09 

0.24 

3.50 

5.73 

Cheat width.. 

19.76 

0,09 

1.26 

6.38 

20.13 

0.09 

1.301 

8.46 

Chest depth... 

15.02 

0.06 1 

0.89 

5.93 

15.44 

0.06 

0.93, 

6.02 


for boys. The other measurements 
were not greatly affected by the 
amount of clothing. 

Two additional ratios were calcu¬ 
lated to test the relation of clothing to 


size. The first was made between the 
nude iiieasuremcntB of the children 
at seven and eight, eight and nine, and 
seven and nine years. The second 
ratio was made between the clothed 
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measia-ements at the same age inter¬ 
vals, The first showed that these boys 
were significantly larger at each suc¬ 
ceeding year except in aiitero-posterior 
diameter of the chest when the ratio 
was 2,6. There was not a similar out¬ 
standing difference in the girls from 
seven to eight years in any of the di- 
menaiona atudied, but in each dimen¬ 
sion the nine-year-old girls were decid¬ 
edly larger than the eight-year-old girls. 

The second ratio was calculated to 
bring out the differences introdiiecd by 
clothing. This ratio ran consistently 
parallel to the first, and one can infer 
that in this group the clothing prob¬ 
ably did not vary much in type from 
year to year, but varied as the sixe of 
the children varied. 

Finally the three age groups were 
thrown together and the variability of 
the entire group was computed. The 
results as shown in table 2 were inter¬ 
esting in that the nude and clothed 
values proved to be so similar in 
variability. The measurements for 
girls clothed were even slightly less 
variable than those made in the nude. 
The value of these findings would be 
clarified by a test of the examiner’s 
precision in locating the proper land¬ 
marks when the subject is clothed. 


.SUMMAUV 

Measurements clothed and in the 
nude were inadc for a group of 07 Vjqvs 
and G7 girls from seven to riiiie years of 
age, and mean differeiices in mcfisure- 
meiits made by the two melhodw were 
calculated. Tlui results showed that 
circumference of chest, witlLh of hips, 
depth of chest, and weigld, were 
affected significantly by cloiliing. 

There was a significjint difrcreiico in 
the various dirnensionM of the l)oyH in 
the different uge group.s at this period 
of growth. The eight- ti) niiie-yiuir- 
old grouijs of girls were relativ(;ly 
larger than the se.ven- to oight-year-old 
group. Clothing seenierl to vary in 
amount consistently with size. 

When each se.v group wa.sconsidered 
aa a wliole regardless of age, measure¬ 
ments cloLliCjd tended to b(', no more 
variable than incasurements rimde in 
the nude. 

Guacij COAIIK. 

REl’ERENCE 

(1) Baldwin, Bnu) T.: Tlic pliysipal 
growth of childro.u from InTt.li to 
IJniv. Iowa Stud., Stud, 
in Child Widriire, l!)2b 1, No. 1, V\>. 
dll. 


Skill in Progressive Movements of Children 


I N A study of the development of 
motor control in children an at¬ 
tempt was made to get measures of the 
ability of the child to maintain body 
balance while walking on a raised 
pathway. Previous observationH liad 
shown lack of control in some children 
who manifested little behavior such srs 
is usually called fear; iu some cases 


fear was apparent at the beginning of 
the performance whicli affected the 
ability in control and BOiiictijiiCH 
caused a refusal to undertake the tusk. 

The apparatus used was a walking 
boa,I’d whudi has been distinctly modi¬ 
fied from the foiin originally used by 
Johnson and fle.scrilicd in Ment.al 
Growth of Cliildren. 
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To construct tlie walking board a 
pine plank 135 inches long, inches 
high, and lii inches wide was clamped 
by angle irons on to a redwood piece 
136 inches long, 1 inch high, and Sii 
inches wide. At each end were 
screwed platforms 12 inches long, 
inches high, and 9| inches wide. 
The redwood board was marked off 
into three sections to facilitate scoring 
the child’s steps off the pine board. 
We placed yellow numbers 0 to 9 five 
inches apart, blue from 0 to 9 five 
inches apart, and white numbers from 
0 to 6 five inches apart. 

We instructed the child to stand 
firmly (with both feet) on the platform. 
The time was taken from his first 
step on the entrance platform until 
he reached the platform at the other 
end. The tendency of the children 
was to walk straight (placing one foot 
ahead of the other). One child, 
however, walked sidewise after failing 
the other way. 

The plan was to count the distance 
where the child first stepped off and 
then get him to start over. It was 
found that the children wanted to walk 
to the end so the score was taken of 
points stepped off, total distance 
(usually 135 inches) walked, and long¬ 
est distance walked before stepping off. 
The time required for the performance 
was kept with a stop watch. The re¬ 


sults for individual children are given 
in table 1. 

Six children increasecl the total dis¬ 
tance walked with second and third 
trials. Others became excited or nerv¬ 
ous after first trial and did not waik so 
far without stepping off. There were 
five in this group, Three children 
showed a good performance in all 
trials. Seven children showed vari¬ 
ability in performance from trial to 
trial. One child, a boy of four years 
three months, refused to walk; another 
attempted to walk but after stepping 
off refused to continue first trial; one 
other refused to do more than one trial. 
There was one case of a boy’s refusing 
to do more than two trials. Two of 
the children in the youngest group 
appeared unable to accomplish this 
perform ante. 

The board appears to be promising 
as a measure of individual differences 
in body movements within a given age 
group and in comparison of develop¬ 
ment from year to year The emo¬ 
tional elements of behavior play a 
large part in the variability of periorm- 
ance. This requires more difficult 
technique for obtaining measureiucnia 
of motor skill but also offers an oppor¬ 
tunity for study of emotional re¬ 
sponses. 

Dokotuy Moohe Couktjmey, 

Bufoud Johnson’. 


Children’s Choices in Modern Art 


E leven reproductions of modern 
paintings were hung on a wall 
on a level with a child's eyes. The 
pictures were arranged in order from 
the most impressionistic to the most 
realistic and numbered from one to 


eleven as given below. Each child 
was placed in front of the pictures and 
told, ''Here arc a lot of plchirc-s. Look 
at them all and show me which one you 
like best.” When one had heon 
pointed out he was [)roiupte<.l to choo.se 
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others by bsing asked, “What other 
ones do you lilce?^' 

RESULTS 

Fifteen children were tested, 4 girls 
and 11 boys, ages three years five 
months to five years five months. 
The following ia a list of the pictures, 
giving their titles or subject matter and 
the number of children who chose each. 
First to fifth choices were counted 
when the pictures were really picked 
out from the rest, but only the first 
and second choice was used when the 
child merely pointed to the pictures in 
order. 


1. The Pi'OoeBaion (Cubist)_ 2 

2. Improviaation. 3 

3. FiguroB on horaoback. 2 

4. Women. 0 

5. Man on Balcony .. 2 

6. The Goldfish. S 

7. Women in garden. 0 

S. Ball at Aries. 2 

9. Horae Attacked by Jaguar.. 6 

10. Ship at dock. 11 

11. Group of women. 9 


After picking out their first choice 
6 children said that they liked all the 
rest and 7 childien pointed to practi¬ 
cally all of the pictures in order. Only 
3 chose less than ten pictures. Picture 
number 10 was chosen first by 9 chil¬ 
dren. No other picture was given 
first choice by more than one child. 
Number 10 is a boat picture, numbers 
9 and 11 were next in popularity. All 
three of these were the most realistic of 
the group. But the choice of 9 and 11 
may be due in several cases to their 
proximity to 10, 

CHOICES IN childhen's drawinob 

Twenty-eight children 14 boya and 
14 girls, from the Institute of Child 


Welfare, University of Minnesota, 
served as subjects. Their age ranged 
from two years four months to four 
years eleven montha. I.Q.'g from the 
Kuhlman-Binet and Minnesota Teats 
were from 85 to 1G2; M.A. from two 
years four months to seven years five 
months. 

Ten spontaneous crayon drawings of 
5 four-year-old children of the Child 
Institute of the John Hopkins Uni¬ 
versity were used for presentation. A 
record had been kept of what the pic¬ 
ture was supposed to represent accord¬ 
ing to the child who drew it. The 
child was seated in a email chair at a 
low table with the light from above. 
The pictures were placed before him on 
the table one at a time with the in¬ 
structions, “Tell me what is in this 
picture,” smd the added question, 
“What else?” when the child hesitated. 
If he pointed at a part of the drawing 
without naming it, he was asked, 
“What’a that?” When urging was 
needed to make the child speak, the 
experimenter repeated the above 
phrases modifying them as, “Tell me 
what that is,” and “What else is in the 
picture?” 

A record was kept of everything the 
child named in the picture. From this 
3 Bcores were compiled', (a) the num¬ 
ber of pictures correctly named, that 
ia, the number of the times the child 
named a picture in accordance with the 
description of it given by the child who 
had drawn it; (b) the number of ob¬ 
jects or parts of pictures coiTectly 
named; and (c) the total number of ob¬ 
jects named. Details named were 
counted as separate objects. But call¬ 
ing a picture merely “picture” or 
“crayons,” or naming the colors was 
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not counted in the score. Nor were 
repetitions of the same name for the 
same object in a picture counted. 
Any name which approximated the 
correct one was accepted as correct. 
Thus ^'boy/' ^^dolly/' and 

"clownwere counted coiTect names 
for the drawing of a human being. 

In two of the pictures none of the 
children was able to recognize an 
object. The two pictures which were 


ber named by one child wtis 34. Sev¬ 
eral of the children would call succes¬ 
sive pictures tlie Fame thing, for 
example "marbles" or "beads." The 
older children were interested in who 
made the pictures, ashing about Ihem. 
One boy jokingly named the. man 
incorrectly, calling him a dog and the 
legs his two tails. 

Pearson’s formulii was useil to 
compute the correlations by ( lie melliod 


TABLE 1 






rtr. 

ratiE 






1 

2 

' 1 

,' 1 

r. 

0 

7 

H 

u 

H) 

(a) Childrun naming one or more picturea 
correctly.. 

10 

1 0 

17 j 

0 

1 

10 

23 

r 

19 

21 

(b) Objects or parts of pictures correctly 
named. 

11 

1 

0 

39 ' 

0 ' 

1 

12 ' 

1 

20 ' 

32 

7 

21 

37 

(c) Total objects named.. 

30 

24 

54 

25 

50 

39 

58 ] 

33: 

42 

58 

(d) Different objects named. 

20 

21 

21 

14 

29 

19 

32 

20 ' 

19 ' 



TABT.E 3 



8ro?l2>rt 

C..\. 1 

m.a, I 

1 LQ. 

Pictures correct (a).. 

0.78 ±0.06 1 
0,75 ± O .QG 1 
0,64 ±0,08 1 

0.77 ±0,06 

0,74 ±0.00 1 

1 0,22 ±.0.41 

1 0.40 ±o.n 

ObjcctiR correct (b)... 

Objects iiamed (c). , .. 



the easiest to name had drawings of 
people in them. The three which 
ranked next easiest were of houses. 

Two children were unable to name 
any picture correctly. One child, the 
youngest, na m ed no objects at all but 
merely said colors. There was a 
larger tendency to name colors among 
the younger cliiidren, centering around 
the age of three years four months. 

The largest number of objects cor¬ 
rectly named by one child in all tmi 
pictures was H, the largest total nurn- 


of ranlc diffeB’cnces. The coofliiueulrt 
are given in table 2. 

The drawing.s of children appear (o 
have greater signifieanc'e for otlier 
children than have tlic com])oBliana 
of modern artists. There is also :i 
relatively large dcgKic of universaljiy 
in the names given by children (o the 
spoiltaiicous productions of oflicr chil¬ 
dren of approximaiely the saine age 
and onvironnienta) Hlaliis. 

lloimuT.'i Wnn i;, 
BurOuu .bmssoN. 
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